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FOREWORD

This report has had classified material removed in order to
make the information available on an unclassified, open
publication basis, to any interested parties. This effort to
declassify this report has been accomplished specifically to
support the Department of Defense Nuclear Test Personnel Review
(NTPR) Program. The objective is to facilitate studies of the
low levels of radiation received by some individuals during the
atmospheric nuclear test program by making as much information
as possible available to all interested parties.

The material which has been deleted is all currently
classified as Restricted Data or Formerly Restricted Data under
the provision of the Atomic Energy Act of 1954, (as amended) or
is National Security Information.

This report has been reproduced directly from available
copies of the original material. The locations from which
material has been deleted is generally obvious by the spacings
and “holes” in the text. Thus the context of the material
deleted is identified to assist the reader in the determination
of whether the deleted information is germane to his study.

It is the belief of the individuals who have participated
in preparing this report by deleting the classified material
and of the Defense Nuclear Agency that the report accurately
portrays the contents of the original and that the deleted
material is of little or no significance to studies into the
amounts or types of radiation received by any individuals
during the atmospheric nuclear test program.
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ABSTRACT

The objectiveof this grcje~%was to docurmt the charactcAs-
tics of the close=-??aradioactivefalloutresultingfromthe surface
land or waterdetonationsof high field nuclsar devices in orderto
provideinformationfor the evaluationof:(l)the i~diatQ kzard~
associatedwith the residualcontaminationfrom such bursts,(2)the
xmmhanismof particleforxrmtionand distribution,and(3)the ckraCt9?-
tsticsand signific??nceof the radioactivedebrisdistributedby baso
surgephenomma,providedthat a significantbase surge:s causedby
surfacewater bursts-

The objectivewas accomplishedby samplingthe falloutwith
interzdttentfalloutcollectorsand by analyzingthe particulateand
liqtidmatterfor activity,decay,energies,and ~.rticlesize dis-
tribution.

Fallouts’%ationswere set up in varyingarrangementsfor Shots
1, 2, 3, 4, and 6*

When significantfalloutoccurredat an islandafterany of
theseshots,it apparentlybegan to arrivetherewithinsix minutas
after the detonation. The maxlnrumactivityper samplingtinmintmval
resultingfrom Shot 1 ad other sho’tshavingyieldsof the same order
of msgnitudearrivedat all samplingstationsduringthe firsthour
afterthe detonation.Extrapolaion of the beta actiti.tiyhad indicated

1ratesas high as 1.3X@A dw/ft 1 ~ 6 min ~ter the ~etor’ation~
Mostof the activityhad atived at a givenstationwithin3

to 6 hoursafterthe detonation,with smallamountscontinuingto
arriveup to at least12 hours after the detonation.

Gama dose ratesat the shot atoll 1 hour after each shot wers
estirrtodto be as followsfrom data collectedby this projectand Rad
Safe:

Shot1$ 1600 to 2900 r/hr along the northernislands,160 to
630 r/hr o= easternislands,and 15 to 43 r~ alongthe southwest
sideof the atoll.

Shot 2$ IMO ta 4700 r/hr on the northwestislandscloseto
~und zeroand 2.4 to 14 r/hr on the n=~ng islands.

,Shot3$ 41.or/hr at Uncle,justwest of ground zero 10 to
125 r/hr on the northand northwestislands,and 0.!3to4.5 rh else-
where.

Shot 41 160 to 440 r/hr on the northand northeastislands,
and OJ to~7br elsewhere

5



shot6: (At E~iy@/&) (jv~~ ~()()() ~~ ~~~,,~ ~d~t~ fic~~-—.
ity of groundzerosdroppingto 17 to 32 r/hron the islandswestward
and 1 to 6 ?/hreastwardfromgroundzero.

?’/ithinthe atoll,there was no apparenttrendof radioactive
wrticle sizedistributionwithdistance,direction,ortime. The
approximatenmel-~fian diameters of saqles collectedrangedfrom
5 to 20 U. Up to forty-threeper cent of theseparticleswere under
10 p. Shot1 particlesappeared‘o be coralor crystalline;those
fronShot3 appearedto be mostly crystalline, ashlilm, or fused.

In particlesfrom149to 1000P, the percentageof particles
tith actiti.ty on the cutsidegenerallyincreaseddirectlywith size,
whilethe percentageof unifornilyradioactiveparticlesgenerally-
decreasedwith size. TheseIxo typesof partic3esaccountedfor
akout90 per centof the radioactiwparticlesexamined.Actitity
was scattertxi randomlythroughoutthe remainingM per centof
particles.

Thcr; was no appareritcorrelationbetweenthe locationof
activity cn the particlesand theirphysicalappearance.

No conclusionscouldbe drawnaboutthe presenceor absenceof
r?.dioactitityin the basesurge,becauseno sampleswereobtainedin
the base-surgeregion.
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FOREWORD

Thisrep+ is one of the reports presentingtheresultsof the
34 projectspartici.patlngin the M!.litaryEffectsTestsProgramof
OperationCASTLE,whichindludadsix tastdetonations.For readers
interestedin otherpertlmnttest information,refcranceis nmdeto

t of the Com%nder, TaskUnit13, Programs1+=
Miltta s smmary reportincltiesthefollowlng
informationof poss3blegmeral Intarest●

a, An over-alldescriptionof eachdetonation,includlngyield,
heightof burst,groundzeroIC”X%IOX12timeof detonation,
ambientatmosphericconditionsat detonation,etc.8fortim
S’ixshclts*

b. Discussionof all pm jectresults.
C. A SUmmmy of each~o$ect, includingobjectivesand ~sfits~
d. A completelistingof all reportscoveringthe 1411itary

Effects?egtsPrograw
Thisreporton c1ose-infalloutstudleeat OperationCASTLE

~~l~rsedestha p~l~~nary ~ppt; ITR-916, A ich was issuedin My
1954*

kny h91pful
rroflectweremade
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CHAPTER1

INTRODUCTION

1.1 OBJEO’ITVE

The objectiveof the projectwas to documentthe characteristics
of the closeqn radioactivefalloutresultingfromthe surfaceland or
water detonationof high Weld nucleardevicesin orderto provide
infornntionfor Wne evaluationof (1) the immdiate hazardsassociated
with the residualcontaminationfrom suchbursts,(2) the mechanism
of particleformationand distribution,and (3) the characteristics
and sigflicanceof the radioactivedebrisdistributedby base surge
phenomnon providedthata significantbase surgeis causedby surface
water bursts.

To accomplishthe cbjective,the followingspecificphysical
characteristicswere documentedwhere possible.

a. Beta activityand Lhe time at which it arrived,
b. Beta decay.
c. Maximumbeta emrgies.
d. Garunaenergy.
e. The activityper unit weight or volume of liquidand solid

fallout.
f. The sizedlstr~butionof radioactiveparticlesand distribu-

tion of actititywithin the stiedparticles.

1●2 MILITAKYSIGNIFICANCEOF THIS INVM’TIGA’TION

Surfaceand sub-surfacenucleardetonationsresultin the de-
positionof radioactivedebris (fallout)on the earthtssurface. The
degreeto which falloutmy Influencemilitaryoperationsdependsupon
the rmgnitudeof the significantradiationfieldand uponthe ability
to predictthe extentand locationof the field. The amountand
activityof the falloutis @marily a functionof weaponmeld and
conditionsofdetonations.e~ whetherthe detonationhas talomplacein
the air, on the surfaceof land or water, or underneaththe surfaceof
land or water. ‘lhisinvestigationseeksto extendthe knowledgeof
suchvariationsby studyingthe falloutresultsfrom high yield nuclear
devices. The resultsfxvm this projectwill aid in (1) determining
the significanceof falloutfrom surfacedetonationsof high @eld
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weapons,(2) predictingthe falloutpatternsresultingfrom other
@elds and conditionsof detonation,(3) evaluatingscalingparameters,
(L) ev~mting tiediate externaland internalhazardsfrom falloutfrom
high yield detices,and (5) e=luating the loglsticsInvolvedin de-
contaminationprocgdures~ In additionto thesebasic investigations,
operationCASTLEresultswere expectedto providethe basisof a
theoryfor the rmchanimof particleformationin the cloudand to sup-
ply data relativeto the differencesbetweenfalloutresultingfrom
land and water suvfacedetonations.

1.3 BACKGROU14)

Resfdualcontamination resultingfrom falloutwas initially
observed&& OperationTRINI~; subsequentatomictestshave resulted
in residualcontaminationwhichwas ~ltarily significantfor all
typesof nucleardetomtions exceptah bursts. Experimentswere de-
signedto documnt the falloutfrom both the operationJANGLE3 and
operationIVT # surfaceshots. However,the res.il.ts from these 8hOt8
are of limitedapplicabilityto the CASTLEtestsbecausethe yield of
the JANGLEshotwas very smalland in desertsand ratherthan coral
rock,WMle the main downwindpatternof falloutfromIVY Mike shot
went out to sea and was not instrumented.TIM JANGLEsurfaceshot
denmnstratedthat a low fieldweapon could causea significantdegree
of contamlmationand definitelyestablishedthe need for furtherwork
on the contaminationproblemand associatedhazards,especiallyfrom
higher@eld surfacedetonations, OperationIVY providedthe ftist
opportunityto Investigatethe generalfalloutproblemresultingfrom
the surfaceland bW8t of a high @eld nucleardetice.

An unanticipatedbasa surgewas observedshortlyafterthe CRJSS-
RCADS underwaterdetonation~. It appearsthatthe base surgedis-
tp.butedsonm contaminationfmm this shot,althoughthe evidenceis
not entirelyconclusive. Attemptsto studybase surgeeffectshave
sincebeen mule at JANGLEand at som high explosivetests~ Theseex-
perlmsntshave mt determimd whetherthe base surgeis a carrierof
radioac’.ivit~’.OperationCASTLEprovidedthe firstopportunityto
studybase surgecharacteristicsfrom surfacewater shot,
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CHAFI’ER2

EXPERIMENT DESIGN

2.1 DESIGNCRITERIA

The collectorswere desigmedto collectliquidand solidfallout
samplesat preset,Yuccessivetime intervalswhich could be ad$usted
to between1 * and 30 uin. The sanpleswere at leastlarge enough
to be analyzedby standardtauntingtechniques.

Base surgeestimationsfrGa work done by the Naval Ordmnce
LaboratoryTask 152 indicatedt’.~atthe nmcimumradiusof the surgefrom
the CASTLEdeticescouldbe fmm 15,000to 34,000 ft, depend~ upon
~be ~~ld of the de*Ji-s. The phenomenashouldbe completewithin10
or 15 miriafter detorationa Tinebase surgewas pri..xwzrilyexpectedfrom
the surfacewater shots;however,Shot1, detonatedon a reef,was in-
strumentedfor base surge %mples becauseit was thoughtthat the reef
was so narrowthat Hid shotwo.fldbe, in effect,a water shot~ Since
high overpressuresare encounteredin t!!ebase surgeregion,the fallo-
ut collectorsin the regionwere ruggedlybuilt. These collectors
were set for l-reinintervals~ Experienceat IW~ lndi.catedthat the
heaviestfallouton the atoll cccu.rredwithtithe first30 min after
the detonationand tM t fall.outcontinuedt,ooccurmore than 6 hr after
the detonation whichwas the maYMum samplingtimeof the IVY COl-

Icctoro
Thus,two collectorswere generallyplacedat each station:(1)

one sampMr~ at l-o-5-reinintervalsfor a totaltime of 24 min or 2
hr respectively,h documnt the base surgeor earlyfallout;and (2)
the othersamplirgat 30-minintervalsfo~”a to+=ltime of 12 hr.

Eastcal~v,the same type of instrumentswere used to samplefall-
out on the surfaceland and surfe-ce water shots.

2.2 THE I!\’TER1411TEhTFALLOUTC07.LZC’KR

‘he intermittentfalloutcollector(IF’C) ccnsistealof a circular
disc (or ‘1spiderl~) ditidedintc 24 sectors,a drivingand ti~g ~ch-
anism and a housing(Figs.2.1-2.3). Eachsectorcontaineda triangu-
lar trzy 3 3/7 in. x 10 in., anti3/4 in* deepo one traY at a time was
exposedto falloutthroqgh an opersingof equalsize in the top cover.
The tide end of each trayheld four glasscountingcups (1 in. In
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diameterand 5/15 in. high),positionedin a quadrilateralabout 2+
in. on a side. l%e cupswere wated on the insidewith siIicQnegrease
to producea tacky surface, Thistacky surfaceheld almostall.parti-
cleswhich came in contactwith it; rainwatercollectedduringthe
samplinginternalwould not wash particlesfrom the tacky surfaceun-
less the particlesthemselveswere soluble. An 8-02 jar was fastened
beneathan ope,nhgin the bottomof the tray to collectliquidfallout
(Fig.2.4). A door coveredthe samplingopeningboth beforeand after
the samplingtim (Fig.2.5)~

The instrumentwas startedby an externaltimingsignal. After
a delayof 1 rein,the coverdoor opened and the firsttray nnvedinto
samplingposition. Succeedingtrays rovedintopositionunderthe
wver openingat set tim intervalsuntilthe cyclewas completed;
(Fig.2.6). The door then closedand the fia.chineshut itselfoff.

At the time of the detonationan externaltimingsignalactuated
self-latchingsignalre~~yR1 (Fig.2.7), Currentthen flowedthrough
the clockwhich had been pre-setfor a shortt~ delaybeforethe
door opened (l%lg.2.!3).At the erd of this delaymicxwswitch~ in
clockwas tripped,allowingtk currentto flow throughthe driting
nmtor which in turn rotatedthe spider;the door openedand tray 1
nmved into samplingposition. Si.%emicroswitchS3, underneaththe
sptderrti was ne longerclosedby one of the camson the spider$

the

ticrosvc.tchC2 opened. I%isrenved the currentfrom the clock coil
and resetthe clgck. The drivingmotor continuedto run until the cam
underthe next tray mowl over S3. When S closed~the currentpath

zto the drivfngmotorwas brokenand the mo or stayedoff until the
clockfitisbd anothercycle. Succeedingtraysnmvedinto nosition
under the rover Gpeningat set tim intervalsuntilthe samplingcycle
was completed~

At the tire?of detomti~n a srmingcamwas restingon a micro-
switchS4s completingthe circ~t thrwh the ~~ntactPointsof elec-
tricallatchingrelayR3. As the cycleprogres$~e~zthe spring=m rode
over the microswitch,S5, completinga circuitthroughR3, whichwas
thrownand latched. After the last traywas in samplingpositionand
the door closed,the springcam agatirode over S4, breakingthe cir-
cuitsand stoppingthe instrument,

Push-buttonswitch,S2, was used as a reset Stitchso that the
operatorcouldeas-ilyreset”the entireinstrumentby one simpleopera-
tion. ToggleswitchS2 was mountedtier the clockand was used to
presetthe @ck. This switchremainedclosedduringthe entireopera-
tion. Resistor~ contr~lle~the dri~i~ motor s?eedtO keep the traYs
from overshootingtheirposition. Variablel-ohmresistorsand also
lengthsof nichromewire were used.

2.3 TIMIM3

Wherewire tindmg signalswere availableat a station,a minus
l-see signalsuppliedby Edgerton,Germshausen,and Grier (EG~Z?3)was
l~ed to actuatetho IFC. Where no wire tting signalswere availab~
at a station,an EG%G ?J?k III or MarkIV battery-poweredbluebox
was used to actuatethe lFC. I?tietimingsignalswere initiallyused,
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where avaihble, becauseexperienceat Im indlcatetithat blueboxes
were not alwaysreliable. However,towardthe end of this operation
blueboxsignalswere usedwhere feasible,becausecf the satisfactory
performanceof the mdlfled bluekxes. At the raft stations,the MC
timingsignalcamefrom the Project2.X nondiretiio~l~photoelectric,
tfiggermechanism.

2.4 M3UNTINGS

At the Bikiniland stations,the IFC and its batterieswere
ueully mountedin concretefoundations(Fig.2●9). At the Bikini
lagoon stations, t k equlpmmt was mountedon woodenplatformsbolted
to 6(MnanNavy llfe floats(Fig.2.10). Thesefloatswere mored to
floatsidentioalto thoseused by Mject 2.5b. The ~ject 2.5a
floatsin turnwere tied to mring bUOYS furtishedby Helms and
?iarver,Inc. At the Eriiwetokti.ndstations,the IFC and the wooden
batte~ boxeswere dug intothe groundflushwith the
2.11).

2.5 PROJECTPARTI~PATION

This pzvjectWtici@ted in Shots1, 2, 3, and

surface (Fig.

4 at Bikini
Atoll.and ~ Shot 6-at EniwetokAtoll. It-had been originallyinten-
ded to participatein Shot 5. However,water wave damageto the
statIons fmm Shot 4 made particiwtion in Shot 5 impracti@ ●

Generally, IFC~swere placedin groupsof two at Bikiniloca-
tions,aml eingly at the BikiFiraft and Eniwetokstations● mere two
IFC~swere on an islandor raft station,one was set to samplefor 12
hr at 30-mInintervals and the otherwas set to samplefor either24
min at l-tinintervalsor for 2 hr at 5-reinintervals. The 1-*
sampleswere collectedfor Project2.6b to detertinethe degreewhich
the base surgewas contributingto the residualcontaminationpattexvh
The 5-rid.nintervalinstrumentsdocummted the earlyfallout and the
30-mintitervalinstrumentsdocumentedthe falloutfor the mximum
lengthof the possiblewith this instrument.where OXM IFC -S
looatedat a stationor raft,it was set to sampleat 30-minIntervals
for 12 hr.

The stationlocationsand tindmgintervalsare listedin Tables
2.1, 2.2, and 2*3 and shownin l%gs. 2.12 and 2.16.

2.6 OPERATIONS

operationswere mtrenmly difficultfollowingShot 1. Immdl-
ately followingthis event,the pro:ectlsmain base of operationsat
‘Tarewas razedby fire and met spareparts,atiliary equipumt~ and
operationalsupplieswere lost. Th> long delaybeforeShots2, 4, and
6 imposedadditionaldifficul$lesbecausethe batteriesreadilydis-
chargedin the hot weatkr,requiringfrequenttripsto the stations
with batteryreplacements.

Heavy seas in the BikiniLagoon causedthe cancellationof the
Bikiniraft stationprogram. TM raftsbroh away from theirmoor-
ingswith distressingfrequency. Locatingand nmoringthe rafts In
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the lagoonprcved to be dange~-ousto personnel. Salt sprayand water
made maintenanceof electricaleqti?~nt on the raftsdifficult.
Both electricaland movingmechani=l !=rts ccrrod~>dquickly. Onlya
minorityof pro,jectpersor.nel.were ak~lato work at the raft stations
withoutbecomingseasick. only two of the origiml nineraft stations
sampledsuccessfullyduringShot 1. All raft irietrunwntationrecover-
able after Shct 1 was removedfror.the raftsand used at land stations

Sinceno sampleswere obtainedfrcm predictedbase surgeregion
of any CASTLEshot,none of the desiredinformationabout the charac-
teristicsand signtiicanceofthe radioactivedebrisdistributedby
base surgephenomenawas obtained.

2.7 RECOVERYAND SHIFMENX’OF SAMPLES

Recove~ was carriedout on the fourth,fifth,and ninthday
after Shot 1, the firstday after Shot 2, the firstand secondday
after Shots3 and 4, and the first day after Shot 6. A tio-mn team
used a lo-passengerhelicopterto recoversamplesfromthe land
stations. A secondtwo-manteam used an LCM to recoversamplesfrom
the raft stationsafterShot 10 TM recoveryteamsremovedthe
spiderassembliesfrom the lFCIS$placedthem in dust-tightboxes$
and mmed them to the packingarea~

All locationsavailablefor packagingsamplsswere somwhat
windy and usuallyin contamted areas. Packingwas done on an open
barge near Nan after Shot1, in a Tare tent after Shot 2, ha Nan
tent afterShot 3, on Oboe, iri the re= of a closedt~ck twned On
its sideaftershot 4, and in a ten+.at m~r after Shot 60 The jars
were renmed fmrnthe traysand Psppedo The trayswere sume~d
where possible,and a few samplessalectedfor decaymasuremmts at
the I%vject2.6b Elmerlaboratory. Plastic‘snap-onncapswere put on
the glass cups,and the trayswere sealedwith alumlnum foil~ The
traysand jarswere returnedto Army ChemicalCenter,Marylandby a
specialsampleretwn planewMch usuallyleft Eniwetokone or two
days after reco~erywa3 cnmpleted.
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Fig. 2.8 Pre-mtting T1.m Delay on the Clock Timr

Fig. 2.9 GeneralVi.eWof Il?CStation$VictorIsland,!3ikird.Atoll
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cHAP1’m 3

RESULTS

3 J GENERAL

Documentationof fallouttncluied:(l)survefingof fallout
samplesaxxlthe areas fromwhencs they came~ (2) studyingdecay;(3)
extrapolatingthe beta actitityresultsto estimatedactivitiesat
_ling tire,and (4) stud@ng the acthity per unit weight or volume,
energies,particlesize,and particlecharactwisticsof the radio-
actiw fallout.

3.2 BETA COUNTINGE@JIPMENT,Techniques,AAM)CORRECTION

The glasscountingcupswere removedfromthe trays,externally
decontaminatedand countedby TracerlabGM tubeswith window thic~
nessesof less than 2 mg/cm2. The tubeswere nxnantedin verticallead
shields,TechnicalAssociates!JodelAL14 A,havinga wall thiclmessof
2-ti.lead,0.25%n. brass,and 0.25-in.alundnum. A geomtry-defin-
ing brassplatewas insertedbetween the O-M tube and the sample.~
The outputof the tubeswas fed into Atomic Salers kdel 1060 havinga
characteristicresolvingtim of 5 microseconds.

The samplesin glass cups were countedfor beta actitityin the
followingmnmr~ sampleswith activitiesgreaterthan 1000 cpm were
countedfor 10,000 counts, sampleswith activitiesless than 1000 cpn
were countedfor 10 min. Each samplewas counted twice;in caseswhere
the two countsdid not agreewithin one standarddeviation,athird
countwas takenand tho three countsaveraged~

It WZLS necessary to apply severalcorrectionsin orderto aP_
proximatethe disintegrationrate of the samples. The method~st
commonlyused to obtain the distitegrationrate of a sample is to

comparethe sampleunder mnstderationwith a knownsource countedin
an identicalmmmr. However,there is no one knownsourcewhich
representsndxgdfissionproducts. The procedureused here evaluates
the variouscorrectionfactorsin terms of the sampleitselfand thus
avoidsthe errorsassociatedwith a tiect comparisonwl.tha single-
isotopestandard. The procedureis as follows~

1. The raw cpm were correctedfor coincidenceloss.~
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2. An 8.15-gm/cn?brassabsorberwas insertedbetweenthe sample
~ the tube. Thisabsorbereliminatedall beta particleswith mxl-
~ energiesup to 6 ?fsv. !lhepurposeof this platewas to estimate

~ detectedresul~ of the radiationinteractionin the aperture
plate used for geometrydefinition. The absorberphtewas identical
to this apf=tm phte except for the aperture. The COUIltthus
obta-d was subtractedfromthe ~iginal countof the =mple W obtain
the beta actitity(Ah)of t~t sample.~

3. The oountwas cmrected for geometry(G),deflnsdas the
fractionof solidang~ stitie-dw the sensitivevol- of the O-M
tube. ~is fa~or was determix=ibyuiw the firstthree-me of
w Blachmn Series.~ Succeedingterm of this seriesare lnsignift-
oant and were not used for this correction. The G valuesin TableA*1
appearto be low becausethe countingarrangementwas desi~ Id swoh
a mannerto Ineurethe correctabsorberplace-h.

4. Backsoatteringdetermi~tio~ (Fb) were made by mountinga
tube in a hollowsupportof lead bricksapproximatelythreefeet from
the floor. Thisarrangementprovidednegligiblebackscatterlngf’kom
the floorof the support. The geoxmtrydefiningaperture tendsto
minimizethe effectsof scatteringfrom the walls of the support.
Equalal.iquotsof dissolvedfalloutfrom the shot undera.wlysiswere
dissolvedin nl.tricacid am pipettedinto COuntingCUPS. One CUP
with a bottomof a very thin rubberfilm (O.45mg/cm2) was =asured
in the arrangezmmt,which providednegligiblebackscattering,and one
glass bottomcup was masured in the regularcountingapparatusc Tha
backmattering correctionfactor,which was obtainedby divldlngthe
count obtaimd in the regularapparatusby the countobtainedin the
arrangementwith mgllgible bacbcattering,was ussdto correctall
samplesfromthat shot. Sincethe energy distributionof mixedfis-
sion productsis knownto b tim dependent,this correctionwaa xmde
$or varioustimes. However,it was foundthatthe variationwas in-
significantduringthe tim the measurementswere made on the concerned
samples. For examplescf (Fb}for varioustinessee TableA.2. “

5. A correction (Fa ) was made for absorptionby the air between
the sampleand tb tubewindow,and absorptionof the tubewindowit-
self.~ To obtatithis correction,preciseabsorptioncwves were run
on a samplefrom each shot. A correctionfactorwas calculatedfrom
the equation

Fa=+.=e - mt
(3.1)

~ It IS ~w felt that the use of this absorberwas not properbecause
the geometryfactorfor the aperture outweighedthe geomtry factor
for the rest of the plate,resultingin an estimatethatwas too high.
However,the fact thatthis estimatein all caseswas very smll (ap-
proximately2 per cent)in comparisonwith the beta countindicates
that the radiationinteractionwl.ththe aperture is of no importance●
The use of the platehas been discontinued. Regtir absorptionC-S
rmadeWIth aluminumabsorbersindicatethat the detectedganunaback-
groundis of the orderof one per cent. TMs wo@-d be ewcted because
of the low sensltitity of the tube to gammaradiation.
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where nt = correctedcountingrate observedwith thichess
t betweenthe sampleand the sensitivevolum

No m true beta countingrate at zerothickness
t = thicknessof materialbetweenthe source

and sensitiv9voluJM
m = msqsabsorptioncoefficientexpressedin

cmZ/mg

m=—
:t ln +%

~+A t = countdngrate

(302)

at thicknesst ~At

The best strai2htline was drawn throughthe experimental
pointsand the slope(m)was cd~*tid=OorfiW#Y. TMs mthod is
applicablefor any energyor group of energiesas long as the first
part of the absorptioncurve is a straightlins on a Wai-log plot.

It canbe seen from the examplesgi.veninAppandixA that this is the
caseana$ therefore~theaforenmtioned determinationof Fa was used~

6. self absorptioncorrectionsfor the samplesinqueation
were considerednegligible,sincethe weightper unit areawas kept
in generalbetween5 andlO mg/cn#. Accordingto Coryelland
Sugarmn,a radioactivesamplewhich has awelght per unit area of 5
to 10 mg/cm2and has an energygreaterthan 0.4 Mev requiresno self-
absorptioncorrection.8/ Furthermore,accordingto Huntera“klBallm,
the n~clideswith max= energies beiow thla ~lue which contribute
nmrethan 1 per cent each to the gross fissionactivityconstitute
approximate~10 per cent of the total activttyof the sampleat the
time the masuremants for this reportwere rode, I.e. approximately
at H plw 200 hr. Therefore,the errorentail~dby the assumption
of a negligiblecorrectionshouldbe 10 per cent or I-CSSCThe
practiceof ignoringthis correctionhas been furtherjustifiedby
comarison of the defimd geomtry mthod with four-picounting
tec-kiqws.y In these co~parisofithe emr-ntil e~or ra~ed from
3 to 7 per cent.

7. ‘i%esample beta actifit~(Ah)was treatedby the above
correctionsto obtainthe sampleactivity(Ad)in disintegrationsper
minute.

%
‘d = “~ (3.3)

A tableof correctionfactas as well as examplesof
variouscorrectiondeterminationsand the activitiesAd of the ~@es
at the time of countingare given In AppendixA.

The above methodhas been used to detwmlns the dislntegra-
tion rate of knownmixturesof nuclideswi.thexcellentresults.1~
Its use In the determinationof the diaintagratlonrats for a mixed
fissionprcductssampleis believedto resultinmeasuremnts within
10 per centof the actualrate. It ia true that secotiaryparticles
(e.g.internalconversionelectrons) till be detectedas m~v beta
prrticles. However,the error in disintegrationrate due to this
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sourceshouldbe very SIIEI1lbe-we of the inherentlow energyof
these secondaryparticlesand the shat half-lifeof most of the
isotopesconcernedtith these pm cesses.

3 ●3 EXTRAPOLATIONOF BETA ACTIVIITES TO SAMPLINGTIME

The acti.wlties Ad were extrapolatedto the samplingtim of each
intermittentfalloutcollectirtray. Th8 msthodof SXtrapOlafiiOII was

determinedby the amountof da-y data obtainedfromeach shotaM
variedfor each shot.

In gemal, the activityconsistedof fissionactivity decay
and the decayfrom WWUIU -pture pfiuota.
decayedin a mannerwhtch can be represented

Af = Altt-n

whexw Ax= Activitywhen t s
A
{
z Activityat later
= Tim after shot

n s Deoay Exponeti

The fissionproducts
ass

1
tim

The uraniummitro~ oaptureproductsactivitydecay canbe represented
best as a eum of individualnuclideswhich canbe determinedby radio-
chemicalanalysis.

where

where

The form of the equationwouldbe:

Ac = Aco( ~ Cie-uit ) (3*5)

Ac = Activitydue to captureproductsat
tim t

ACo= Proportionalityconstantsuch that

Aco ~ Cl = ‘OC

A~~ is the zero tl.meactitityof the.“
uraniumneutroncaptureactivities
Ci : relativeinitialactivi@ of nuolide

% = semi-logdeoay constantof ith nuc~de

The ratioof yieldof the vaious uraniumneutroncapturenuclidescan
be expectednot to vary from sampleto sample. TMs is becausethey
are all uraniumisotopesduriq the tim of falloutformation. These
ratios(whichdeterminethe Ci s) ~Y be fo~d from ~Pt~e ~ fission
ratiosdeterminedby radiochemlcalmeans.

The relativeamountof the uraniumneutroncaptureactivitywith
respectto the fissionactitityvariesfrom sampleto sample● ‘h

valuesfor A f and n of %. 3.4 were foundfrom the decay curveafter
k2000hoursw en the neutroncaptureactivityno longer contributed

significantlyto the sampleactivity. The differencebetweenthl.s
actitity (@• 3.4) and the experimentallydeterndnedactivityat ti~9
earlierthan 2000 hourswas used as a-mastxe of uraniumcapture
activity. From this the valueof Aco (~ %. 3.5) co~d be deter~~do
‘!’hisclifferencewas masured at t!!eearliestpossibletim when the
differencewas greatest.
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Becausethe fissionrepresentationgoes to infinityat zero t-,
the ratio of fissionactivityto uraniumcaptureactivitymustbe
foundat sons othertire. In general,the tinm chosenwas that at
which the uraniumcaptureactivitywas measured. A variationin this
value couldbe used as a methodof indicationof fractionationof
uraniumcaptureproductswith respectto fissionproducts.

3.3.1 Shot 1

Sincelittleexperimentaldecay data were obtainedpriorto
250 hours,a compositeneutroncapt

~~7de:$~9;~~3~su~0~~:t:;240for ttis shortlyafterthe shot. >
were foundto be significantcontributorsto the decav curve* From
the parent-daughter-relationship

v

u~ (e-ult-eWt ) (3*6)
A2 =

where

Aol%*

activityof U239 at initialt-

activityof daughterNP239
decayconstantof U239
decay constantof Np239
tim after shot

In the case of the U239ard NP239decay schem, U1 is much greater
than ~andc %t is muchless thane‘“2t at any the after initial
time*

thus, settingt z O

(3.8)

h ~titial aotivityof NP239~n be fo~d from %. 3~~ aSS% a
relativeackivi.tyof 1 for U23 . Similarly$in the case of Np2A , it

$
can q shown that its activityequalsu2/(u2- ul) tinmm the activl~

a after equilibriumIs reacof
The relativeactivitiesof ~% to U239 and do to U239 are

determinedby the ratioof theirdecay constitistitiplied by ~~tr
The relativeactivityand decay constantsof U s

~%~e@$~~~4~, and Np2@ are summarizedin Table 3.1.
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The compositeneut ca ure decay curvewill then be the sum
~~q @9, Np239,u24~,and Np2L0,i.e.,of the decay curvesof U 9

Ac ‘Ac~ (0.000416e4”00431t+e-1.77t

+0.00652e_0.0~-4t+0.0Me~*0495t)-*

(3.9)

where Ac z Activitydue to captureproductsat time t and
Ace= Proportionalityconstant
A can be determinedfrom the ratioof neutronoaptm’eto

fissionc~ctiti.tymeasurements.

‘TABIE3.1 - Initial
%P

tive Ac
3iF

ties of U23’,U239,
~239, u , and Np

The Shot1 decay curve
md ~~ 3.9. The experimentally

productsto fissionproductscan
Aco ?f it is rewmbered thatAM

will then be the sum of Eq. 3.4
determinedratioof uraniumcapture
thenbe used to find the value of
has alreadybeen determined

AC1250
= 0.8 (3.10)

AM(250) ‘n

0.8 A1f(250)-rl . Aoc(~Cie-uit) (3.1.1)

The curvewas then normal.S.zed(seteoual.to 1) to 400 hours,at which
time the activitydata mere known.

The equationfor the extrapolationof fissionand neutron
inducedactivitiesto samplingtime is then

1350 t-1e26+ 2200(0.000L16e-0’00431t‘3*12)
A ~e-1.77t+OO~~52e~ @Ol~/$t+O@Ol~6e-~*04g5t)

This compositecarve is shownin Fig. 3.1.

* The last term includesthe activityof both [J
~~()

and Np240
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TABIE3.2 - Beta DecayExponentsof San@es from Shot 1*

Station

Dog
Dog
Dog
Dog
Dog
Dog
Dog
Dog
Dog
Dog

riming

hterval
{mid

1-

:

1

1

3:
30
30
30

Tray

—.-
1
2
8
13
17
18
1
14
15
18

Dog - Td,and Sampies

Easy
Easy z 2
Easy 30
EUly 30 ;
Em/y 30 4
Eaay 30
Eaay 30 1;
~aqr ZL
Easy

g
23

E&lay- IslawiSamples
George 1
George ;
George 5 i
George 5 7
George 5 8
George 5 11
George 5 12
George 14
Geo~e ; 15
George 5 16
George 5 18
George 20
Oeorge ; 22
—

n

——
-1.22
-1.25
-1.19

-1●34
-1●30
-1.22
-1●3O
-1.28
-1.23
-1.22
-O*94
-0.86
-1*27
-1.Y1
-1.28
-1.30
-1,30
-1.33
-1.27
-1.32
-1.33
-1.05
-1.26
-1●10
-1.30
-1.24
-1.28
-1*29
-1●28
-1.~o
-1●33
-1.29
-1.32
-1.32
-1.30

Statior

George
George
Gecarge
(b3rge
Huw
How
How
How
How
Ha
How
Hou
How
How
How
How - :

Nan
Nan
Nan
Oboe
Oboe
Oboe
oboe
Oboe
Obe
Bravu
Raft
250.05
Raft
250.12

250.12

—“——r—_——
rid ng
iltarval Tray
(rein)

riT
30 124
IslandSample
5 1
5 6
5
5 1:
30 ‘1
30 3
30 6
30
30 1;
30 15
30 24
LandSample

Shot 1 ;verage

1
6
7

:
13
18
20
1
4
4
9

1

24

n

-1.31
-0.99
-1.32
-0.94
-1*33
-1.o1
-I.23
-1.29
-1.34
-1.31
-1.28
-1.20
-1.24
-1●O9
-1.45
-1001
-1005
-1.04
-1.31
-1.2s
-1.24
-1●39
-0:~

-1.37
-1.18
-0.80
-1.36

-1.27

-0.66

-1.26

exponentis the exponentof t In the decayexpression
for the ~rlod of 2000b 4000 hr after the shot.
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Decay data of a Shot 1 size gradedsampleare presentedIn
Table3.3fromwork dom by Project 2.*. 1~ The rate of decayof all
fractionsis the sam for all but one fractionat timesfrom 5 to 30
days afterthe shot. The absolutevalue of the decay exponentde-
creasedat latertiresbut the smaller fractionsexhibitedrelatively
higherrates of ddoay.

3.3●2 Shot 2

‘he Shot 2 decay-curveslopes,asplottedon log-logpaper, in-
creasedwith timewhen the time scalewas basedupon Shot 2. ‘This
pherxmenonis unlikefissiondecay eitherwith orwlthout uranium
captureproducts. The curvesas plottedon a Shot 1 zero-tirescale
appearto be nornmlfissiondecay. The activitycollectedduringthe
Shot 2 samplingperiodcouldhave come from contaminationatiea@on
the groundaroundthe collectorseitherby the actionof winds, shock
wave~orby contaminationwhiti was displacedfrom the Shot1 crater
by the Shot 2 detonation. Undoubtedly,som contaminationcausedby
the Shot 2 detonationfell on som Bikiniland areas. However,in
the few determinationsmade,the totalanmnt of falloutactitityon
the islandswas too smallto mtetilly affectthe decay rate at-
tributableto Shot 1.

The decay of Shot 2 samplescanbe representedby:

A= Al(t ~623)-n (3.13)
where A = Activityat a

?
tim t

‘1
z Actititywhen = 1

= Time in hoursafter Shot 2
6;3 = The tim in hoursbetweenShots1 and 2
n s The decayexpomnt

Shot 2 decaysare presentedin Table3.4. The data from 0~
sampleplottedto both Shot 1 and 2 tiresare shownIn Fig. 3.30

The Shot 2 averagedecayexponentis about -1.4between600
ard 1200 hr and about1.25between1500 and 4000hr~ Thesetires
are in fairlygood agreementwith Shot 1 values~ Becauseof the
paucityof Shot 2 decaydata,the Shot 2 activitieswere corrected
to eamplhg tlmaby the use of the Shot 1 compositedecey curvede-
scribedin the precedingsection.

3“3”3 -

Extrapolationof most Shot 3 acti
B32B; ::$$ ;:t ‘fShot 1 actidties. The activf~ due to U

spectively$can be representedby$

Ac z Aco(0.0007e+@431t # e‘l”77t f 0.00652e40u24t) (3.14)



!rABM 3 ●3 - Beta-bcay ~ts of 8hd 1
8iza Graded 8am@e@

1●1

3.2

22

27

38

56

79

69

98

103

160

173

195

225

NMD of l%actior
p%tF

I

l---

DeoayExponent Woay EbKponellt
5t030 nap I-1oto 170 Days
After 8hot 1 After Shot1

n n

-2*O -1J2

-2.0 -1.20

-2.0 -1.31

-2*O -1.09

-2.0 -1.13

-2.0 -1.09

-2.0 -1.34

-2.0 -1●18

-2.0 -1*22

-2.0 -1.17

-2.0 -1.3.5

-2.0
1

-1.18

-2.0

-1.8 -1.20

*
%+

Reject 2.6bresultsfrom How Island
Project 2.6b reportsthe fraotionsas the man
volunEdiameterof the particles
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239 were derivedaa in Eq. 3.9. The ratioor U239 a
93P‘b ~~~ac~ivity tO Uof u activl~, O.OOW$ was determinedin this

caseby a solutionof simultaneousequationsusingactualdecay curves
becausecaptureto flssionratiosnre una “ ble for this shot.

wHowever becauseof its shorthalf-life,U cannotbe calculated
similarly. The fissionactititycomponentwast

A*= Alft-l“3 (3.15)

where the exponentwas detepined from decaydata after 2000hr.
A few decaydeterminationsfrom early-intervalsamplesof

Easy,Fox,and Oeorge show that a high percentageof activityorigina-
ted priorto Shot3, probablyfrom Shot 1~ The decay from these
samplesfollowsthe relationship;

A=A1(t~ 998)-n (3.16)

where 998 hr is the the elapsedbetweenShots1 and 3 and n is the
Shot 1 decayexponentdurlng this pefiti.

The activityvaluesfrom the firsttwo 30-xinIahnmlo and
the first 5-rninintervalwere extrapolatedto samplingtime oy %.
3.16. All otheractivitieswere extrapolatedusingEq. 3.14 and 3.15*

Shot 3 decaymponents are listed in Table3.40 A typical
decay curveis shownin Pig. 3●2.

3●3●4 shot 4

The activitiesof Shot 4 sanpleswere correctedto sampling
time by the relations

A = A1t-lo4 (3.17)

where 104 is the averageof the Shot 4 decay exponefia.
The decaycurvesfor this shot are more nearlystraightlines

on log-logpaperthan & curvesfrom Shots1 and 3, indicatingthat
the neutroncaptureactivitiesin samplesfrom Shot 4 are smallor
absent;therefore,no correctionswere mde for theseneutroncapture
activities. Shot 4 decayvaluesare shown in Table 3.4 and a typical

curve is illustratedin fig. 3*4.

3*3*5 shot 6

Shot 6 actititioswere correctedto sampllngthe by the re-
lationsMpt

A=

The curvesshow
correctionwas madg for

(3.18)

little or no neutron capture actimity and no
neutroncaptureactivities- ~ ~lw of -1~~

is the averageof Shot 6 decays. Valuea of individualsamplesare
shownin Tables3.4 and a rewesentati~ de-y cur- is illustratedfi
Fig. 34.
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TABLE3.4 - Beta Deoay Exponentoof Ssmplae from Shots2,3,4,and @

shot

:
2
2
2
2
2
2
2
2
3
3
3
3
3
3

3
3

Station

Dog
Easy
Easy
Easy
George

OeOrge
George
Gearge
George
shot2
Easy
Fox
Qeorge
George
Oeorge
George
Oeorge
George
George
How
Love
Uncle
Uncle
Uncle
Uncle
Uncle
Undle
Uncle
Uncle
uncle

30

2
30

3:
30
30
30
Avg

3:
5
5
5
5

;
Islati
Island
Island
1
1

$
30

;:
30
30

——

.

‘hay

:
23
24
24

2
23
a

1;
7
9
11

;:

&le
sample
Sample

1
16

:

:
9
12
22

—

n

-1.22
-1018

-1●2O
-1●22
-103.8
-1.33
-1*22

-1.16
-1●I.4
-1.25
-1.24
-1*I.4
-0.98
-1.32
-1.30
-1.35
-1.23
-1*I9
-low
-0.63
==o.n
-1.32
-1.32
-1●39
-1.28
-1.27
-1.25
-1.24
-1.25
-1.25

—. 1
* The deca exponentis t 3 exponentof t in the decayexpression

~= Alt-% The Shot 2 exponentsare for the periodof 2000 b●

4b0 k, Shot 3 from 15W to 3500 ~, ex~pt the isl~d samles
which are from 700-45~ hr, Shot 4 from167 to 2036 ~ ( =~@
the Nan 30 dn exponents,which are from 1530 to 3064 hr), and
the Shot 6 exponents,from 400 to 1800 hr.
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TABLE3.4- Beta llecayllxponentsof Samplesfrom Shots 2,3S4Sand @

,

Station

Uncle
shot 3
Oearge

;:
How
How
How
How
Hou

How
How

How
Love
Nan
Nan
shot 4
Alice
Alice
Alice
Belle
Belle
Belle
Belle
Jwet
Janet
olive
Ollve
shot6

Timing
I ervalrmln)

30
Avg
30
5
5

;
5
5

z
30
30

%
30
30
30
Avg
30

%
30
30

z
30

;

Tray

23

.— .
(Contldj

n

-1 ●33
-1.3
-1 ●53
-1040
-1.42
-1.50
-Ieu
-1.35
-1.36
-1.38
-1.38
-1.38
-1.34
-1 .&l
-1.34
-1.53
-1.S.I.
-1 .I.3
-1.4
-1.46
-1.19
-1●U.
-1.LA
-1.28
-1.30
-1.33
-1.32
-1.13
-1.55
-1.a
-1.2Avg

*-*
%

eqxmmt is the exponent of t in the deoay expression
At= Alt ● m mt 2 e~~s - for t~ m~~ of 2000to -
M, Snot 3 froIu1500 to 3500 Ixrs exowt the isla~ SLMI@SSW~~ are
fmm 700-4500hr. Shot 4 fxwm 167 to 2036 hr (exceptthe Nan 30 ndn
exponents,””tiich‘arefrom 1530 to 3064 ‘hr)s - the shot 4 epents~
from 400 to 1800 hr.
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3.3.6 Decay bonent Variations

The variationin decay expnent from sampleto sampleresults
from a real or apparentvariationin the zero time actitityof various
nuclideso This nay restitfrom changesin fissionyieldbecauseof
differentfissionprocesses,fmm differentialdepositionof various
nuclides(fractionation),geographiclimitations of the stationlayout,
and llmitatio~ of the oollectinginstrunmts themsel=s. However,
no om of thesefactorshas been determinedto be the prl.ma~cause of
thesedecayvariations.

304 BETA ACTIVITY

3*4*1 Intervaland CumulativeActivitiesfrom IntermittentFallout
Collectorsamples

The activitiesof tlm IFC sampleswere correctedto the mid-
pointof each samplingtime by the mthods describedin Section3.3
and calculatedin tams of actitityin distite~~ationsper mln per 0.6
in.2. ‘l’heaveragedactivityvaluesare basedupon sampleshavinga
totalarea of 2.4 ti.2. Figures3.5 through3.17 presentthese data.
It is to be noted that in ●any of these graphsthe earlyintervalsof
the l-and-%min intervalcollectorsshowhigherinitialfallout
activittisthan the first inte~alg of the 3@@n ~te~al collectors
on the same islaxxl.The correctionfor decayis reflectedin these
results. Obviously,the nddpointof the samplinginterwls for the
firstfew l~b>min intervalsis much clcser to the actualti~ of
detonationthan tinemidpointof tk first3&min interval. However,
It is believedthat the mthod used is a reasonablemethodof showing
the relativeactitity at aboutthe actualtims of sampling.

Activityresultsfrom Shots1 and.3 were mare completethan
from the other shots. Data from selectedinte~als from these two
shotscan be expressedin approximateunitsof disintegrationsper
minuteper squarefoot, using the relations

(3.19)

Theseresults(in Tables3.5 ::nd3.6) tndicatGthe concentrationof
beta actititywhich could be expectedover land areas,assumingthat
the materialfallinginto the collectortraysfell uniformlyover the
land massbeing considered.++

The resultsindicatethat when significantfalloutoccurred
at an islandon the shot atollafterany of theseshots,it apparently
beganto arrivetherewithin six minutesafterthe detonation. The
nmximumactivityper samplingthe intervalresultingfrom Shot 1 and
+$ Thisassumptionhas not been investigatedextensimly. Several

~oups of two IFC~s ten feet apartand tith identicaltiming
intervalswere set up at IVY.# Therewas a variationin the re-
sultsof the two instruments; it was much less pronouncedwhere
the stationwas subjectto heavy falloutthanwhere falloutwas
sparse. At CAST?.?.,no instrumentswere availableto checkthis
assumption.
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othershots having the sarmaorderof mgnitude arrivedat all.sampling
stationsduringthe firsthour afterthe detonation. Extrapolationof
the beta actitityinAicatadratesas high as 1.3fiO~d/mln,l to 6
minutesafterthe ,detination.

Cumulativeresidualactititylevels,which aI”ecalculated
valuesreflectingthe activityamlvlng dm%ng an intervalas well as
the decayof residualactivitydepositedin pretiousLntervala,are
also shownin Figures3.5 to 3.17. The cumulativeactivitylavels
indicatethat if personnelwere in 8uA areasof falloutat later
tires,thaywo~d generallynot be subjectto an activitylevel and
also a doso rate greaterthanthatwhich existedat the beginningof
fallo’h.

Theseresultsare consideredto excludethe smallpercentage
of activitywith energiesbelow 0.4 Mev;also,all actititydetected
is cowddered a primarybeta particle. The resultsalso do not in-
cludegamm activityin the fallout;it canbe assu!mdthat such gamma
activitywill be roughlyproportionalto the beta actitity. In general,
mostof the activityhad arrivedat a given stationwithin 3 to 6
hoursaftezrtb detonation,with smallanrxmtacontinuingto arriveup
to at least12 hr after tb detomtion.

Any falloutoccurringat a station12 hr aftera detonation
is, in general,not reflectedin the IIW activityresults. It is
known, for example,that lightfalloutoccmred on the Oboe-Tarechain
the nightafter Shot 2. It is possiblethat such falloutmay have ar-
rivedelsewhereat the atollboth afterShot 2 and afterthe other
shots; however,such falloutat late times shouldgenaral.lybe minor.

Thereis a possibilitythatsome of the activitycollected
dting the later tti intermls had reachedthe groundduringearner
tiresand was redistributedby the wind. It is also possiblethat the
shockwave from a detonationwould also raisefalloutfrom earlier
shotsoff the ground.This falloutcouldthenbe redlstrlb-xbdby the
wind. Such an effectwas quite possibleon the Dog-Georgechainafter
Shot 2 and possibleat both otherShot 2 stationsand after Shot 4 at
all stations. It is believedthat this effectfrom Shot 3 Is reude
becauseof the low yield of the devicewhichwoil.dproducecorrespond-
in@y bw shock_v03 . Shots1 md 6 locationsard smpltng stations
were in essentiallyuncontaminatedlocations●

3.{.2 CloudAction Based upon CloudPhotography and Wind Vectors

Ro ject9.1photographyIndicatedthatthe Shot 1 cloudex-
paxkiedhorizontallyvery rapidlyduringthe firstfuw mhutes after
the detonation; it was 7.2 milesIn Ma-tar 1 tin after the shotand
70 milesIn diamter 10 udn afterthe shot.~ Such rapidexpansion
may be ~hereasonthat falloutwas observedso soon after the detona-
tion. The falloutintensitywas greatestat the downwlrddatlons on
the northand east sidesof the shotatoll. As woti be expectedfrom
observl.ngthe wind vectorsfor Shot 1 (AppetiixB), falloutwas much
less intenseat the cross-winistations.

The cloudsad/or stemsfrom Shots 2, 4 and 6 spreadalmost
as rapidlyas the Shot I cloud,1# but the wind vectors existingdur-
ing Shots2 ami 6 (AppendixB) precludedthe~sslbility of much sig-
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niflcantfalloutfmm theseshotsbeing depositedover mst land
areasof the shotatolls. Shot 4 falloutwas significantfromDog
throughHow and lightor nonexistent on the other islands.

No photographsof the Shot 3 cloudwere obtained.~ ‘lheShot
3 @eld was relatively-h lowerthan the fieldsf’romthe othershots
arxlit can be postulatedthat the resultantcloudwas much smaller
and did not coverthe entireshot atoll. Depositionof Shot3 fallout
at BikiniAtoll rny be accountedfor by examlnlngthe wind vectorsat
shot times (AppendixB). Surfaceand low altitudewinds carriedin-
tenseactitityto the stationsimmediatelyto the west of gmnxxlzero
immediatelyafterthe detonation. Winds at altitudesabove6~000ft
transportedthe cloudto the downwindstations14 ml.lesto the north
of groundzero1/2 to 1 1/2 hr after the shot.

3●4.3 Activityin the Base Surge

No etidenceof base surgeactivityfrom Shots 1 and 4 was
foundby this project,becauseall base surgesamplingstationswere
made inoperativeeitherby blast pressuresor by heavywaterwaves.
TheDirector, Program2, has statedtbt nO e~~ence of a ~se surge
was found fmm axqrCASTLEshotbut that secondarydisturbancesat the
base of the COl~ of the surfacewatgr shots (in S~lOW ~ter) ~ve
been observedin photographs~
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3.4.4 Falloutat Elmr

~3cod817 falloutwas detectedby beta laboratorybackground
countersat Elmr at about 24 hr after Shot 1; 11 to 16 hr and 45 to
100hr after Shot 2; 4to 6 hr after Shot 4; and12 to 14 hr after
Shot 6. The activitiesfoundwere generallynot omr 50 tknss back-
ground and were not high enoughto constitutea real hazardto person-
ml ●

3*5 GAMMAACTIVITY

The Rad Safe Gamnmgrourxlreadings(AppendtiC) masured
shortlyaftereach shotand whichwere apparentlyrepresentative
groundreadingswere correctedback to orm hour aftereach,shot,the
t- by which the peakof significantactirityhad been reached. This
timewae estimatedfrom the tlm of amival resultsobtainedfrom the
intermittentfalloutcollector. ‘Ib correctionis madeby the ex-
pression

1.2

<)

‘2A1=A ~ (3.20)

where A2 is the observedactitityat tium,t2
Al is the actititycalculatedat tire,tl

The mcponeti1.? is an apprg-tion. In the absenceof the
actualexpomnt associatedwith the gam!mdec~y its use lieswithin
the acouracyassociatedwith the actual.groundreadingsobtainedand
the relativelyshortperiodof tinw involvedin the extrapolation.
The surveyreadingsresultingfrom contaminationfrom previousshots
were subtractedas backgroundin detertinlngthe level of activity
associatedwith a subsequentdetonation. These doserates are shown
in Figs. 3.18 to 3.22. Segxmmtsof isodoserate lineshave been
drawnas solidlims w~re islanddOS8 rate readings,togetherwith
wind vectordata,make = ch approximationsreasonable. Where no data
was available,the isodoserate lims are shownas dashedlines●

Infinitegammadosages,ksed on liadSafe groundreadings,
were also calculated;they Lndicatethe hazardassociatedwith p+ma-
nent occupationof an area with the sam degreeof contamhation~
Thesevaluesare underlimd in Figs. 3.18 to 3.22.

~ .6 BETA ACTIVITYCONCENTRATIONS

The totalbeta activityper unit weight or vohm associated
with a samplecompoeedof tied nuclidesis definedas the activity
concentration.It refersto the plus the low energygamma
actiflty detectedby tie beta countingequlpnm$ As usedhere~th
activityconcentrateIon can be thougntof as being stiar to what is
usuallyreferredto as the “specificactltit~ of a prticular isotope
in a sample.

The smtivity concentmtion of the liquidphase collectedin
the 8-OZ jarswas determinedby countingan aliquotportionof the
filtrateafter it had been eva~rated to d~ss. ‘he actititycon-
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centrationin the solldphasewas foundby dissolvingthe solidIn
rdtricacid (to makea samplewith uniformactid.ty for counti~) and
proceedingas abow. !lheactivitycorrectionsdiscussedin Section
3.2 were appliedand the results,expressedin d/min/gmor d/min/zil,
were correctedta 15 min after shottime by ~thods slmllarto those
discussedin Section3.3.1.

The Shot 1 falloutas collectedwas not sufficientto enablea
studyto be made of the activityconcentrationas a functionof tinm
afterthe shot● However,enoughsamplewas obtainedfroma few col-
lectcmsto detemi~ the actitity concentrationsover the entiretim
cych. The results,prwsentedin Table3.7, indicatethat the con-
centrationof actitityper unitweight of the solidnaterialwas of
the sam orderof nugnltudefor all samplesand In&pndent of tim and
distancewithinthe area sampled. A slightlysmiler concentrationis
%ndlated for partl cles coUected dti ng the first two hoursthan for
those CO1lectedduringthe 12-hr periodafterthe shot. The concentra-
tion of activityin tlw liquidis mwh less than that of the solid.
It shouldbe pointedout that not much data are availablearxlcategori-
cal conclusionsshouldnot be made.

Llquldfalloutsampleswere collectedin the 30-mincollector
at HOW after Shot 4, The liquidexhibitedconsiderableactivlty● The
beta concentrationas’a functionof tim -s determined4 days after
Shot 4 at the h ject 2.6blaboratoryat Elmer. The resultsare shown
in Table3.g. Absorptionand backscatteringcorrectionswere not
deternhmd, bnoe the actitityconcentrationis expressedin c/rein/ml.
The tableindicatesthatt@ beti concentrationincreasedgraduallyup
to 9 hr afterShot 4 @ then droppedof sharply.

ActivityconcentrationsIn the remining samplesof collected
liqtidfalloutwere tio low to be SIgnificti. The volummof liquid
cone ctedfor all samplesis ljstealin ApPrxifxD. Activityconcen-
trationsof a Shut 1 size-gradedsolid saqle are shownin Table3.15.

TAME 3.7- Activ5.tyConcentrationsof Shot 1 Fallout

f ‘rimof I I
Sanfpl.e Cone ction
l’low o to 2hr +i$!%r -Am’ CV:v:’ion
Nan Oti12hr Solld
Haft 250.12

8.~07 d/min/gm
oto12hr Solid 9.3fi0’7d/min/gm

Raft 250.12 0 to 12 hr Llquld 0.79x107 d/mln/niL

k 1
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TABLE3.8- ActivityConcentrationof Shot +,
How, Hquid Fallout

i
Aftershot Activlty Concentration
(hr) (c/xin\ml)

i
1 -3 3.2 X ld

3-5 4.3x lof+
-9 500 x 1(M

: -10 7,2 X 103
10 -u ‘7.9x 103
11 -12 1.8 x ld

k

3.7 BETA ENEROYMEASUREMZXWS

Alundnumabsorbers,insertedbetweenthe sampleand tubewindow
very near to the tubewindow,were used on selectedsamplesto deter-
nrtnethe madnum rangead enwgy of the beta radiation.A plotwas
made of activityvs absorberthi.ckmas;sufficientabsorberswere used
to obtainthe gammabackgroud associatedwith the beta activity. A
sampleplot 1S 8h0wnh fig. 3.23.

The mxlmum range,R, of the beta radiationwae determinedby
visualinspectionof t~ point on the curvewherethe gamma contribu-
tion ceasedto be W sole contributorto the totalactivity. ‘l’he
beta energy,E, was calculateduslmgtk relation.~

E = 1.85R \ 0.245 (3.21)
where E = rmximumenergyin Mev

R= maximumrange in aluminumIn q/cKs2

The remiltsare presentedin Tabls3.9.
Absorptionnmthcdofor the determinationof beta energleafor

fissionproductsamplesare subjectto errordue to the preeenceof a
IYignifIcantamountof gam activlty which overshadowsthe activityof
high emrgy beta emitterspresentin tlw samples. Determinationof
the rangeby tisualinspectionof the curveswhen gama backgrounds
are presenttill yLeldan apparentrangewhichIs less thanthe actual
range,

The data lndi&te that the apparentmaximumbeta energyof sev-
eral Shot 1 samplesincreasedfrom 1.7 Mev to 2.2 - 2.? Mev duringthe
periodfrom 9 to 70 days afterthe shot. The Hunter-Balloucurves~
indimte that 9 days after fissiontlm contributorsha

nF
the highest

energiesare hl~ ‘7 .7 *v) aml R1~ (2.97Mev). LS contributes
12 per centand ~~ o03perCentOf thetotalacti~tY at the ti~ ●

Shot1 abso~tion data takn 9 days after the shotindicatethe pre-
senceof Lal@. As the tim after the detonationincreased,the
curvesindicatedthat th contributionof Prl~ to the totalactitity
increased(i.e.,0.9 per centard 2.4 per centat 24 and 70 days
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‘respectively,:) The increasing centrlbutionof Prl~ is reflectedLn
the increaseof the maximume~rgies shownin the tables.
Contributionsof higheremrgy isotopes,suchas Rh~~, duringthis
time are m g~glble.

Sincefissionproductsamplescon~in many nuclidescontribu-
ting to the total.beta actitityof the sample,each of whioh has its
own emrgy spectrumassociatedwith it, no conclusions~ould be
drawnfmm thsse data as to the average beta energiesof these samples.

TABLE3.9 - Beta Range Measurements

FShot ~
statTon and CoilAction ys
Tim Interval k Shyer I (s

50
73
1o1.
9
15
25
9
15
25
73
101

Y170
1180
1180
780
820
1080
780

1040
SL20
1200
940
600

Eying

1.7
2..4
2.4
2,4
1.7

1.8

2.2
1.7
1.s
2.2
2.3
2.5
2.0
1.7

3.~ GAMMA ENERGYSPWTK?JM

lhe gamma emrgy and decay spectrumof a groundsampleplcbsdup
at GeorgeafterShot 4 was investigatedwith a stintillation spectro-
meter. Individualisolmpeswere identtiiedwherepossibleand their
actitities correctedback to tie time of detonation.

Work similar to that do~ here has been carriedout for pretious
operationsby Bouquetet al. 1~ The methodassigmd the most energetic
photopeakto a specificnuclideor gammaray forwhich a standard
spectrumwas available or could be estimated. Sincethe area under
the photopeak is directlyproportionalto the intensityof the radio-
actitity,a quantitativemeasureof the amountof the nuolideof gamma
ray presentin any samplecan be made● By normalizing the standard
spectrumof the assignednuclideor gammaray to the intensityob-
servedin the falloutsampleg its contributionto the total sample
spectrumwas subtracted● ‘Ihissubtractionexposedthe next mst
energeticphotopeakto the sam treatmentand the cyclewas repeated.
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3A01 GanmaCountingEquipmsntand Techniques

The sens~ elemnt of the scintillationspectrometerwas a
1* in~dia.mter,l-in.thick cylindricalcrystalof l’W(Tl). The
crystalwas amnted with a powderedl@ reflectoron the photo-cathode
of a selectedRCA 5819photomultipliertube. The voltagesupplying
the photomultiplierwas well stabilized,beingke?t constantto a few
tenthsper centdurhg a particularrun. ‘llaeoutputof the photo-
multiplierwas coupledto an Ati@c 204-Bpulseamplifier● The linear
high leveloutputof theamplifierwent b an Atomic510 singlechan-
ml pulseheightanalyzer,the outpoutof whichwas recordedwith a
standard-typescaler. Backgzwund was reducedby us- a ~ in. lead
shieldsurroundingtb NaI(T1) cr@al ●

Severalgramsof fallout,consistinghrgely of coral-like
naterla1, nade up the sampleto be a~lyzed. me materialwas ground
to a powderand for the first seriesof xuns a 0.0246gram samplewas
used. The sazplewaa placedabout9/16 in. fromthe face of the
NaI(Tl) crystal. Therewas 1/8 in. of aluminumbetweenthe source
and crystalto stopthe high-emrgy beta rayscomingfrom SOEM of the
decayingisotopes. A channelwidth of one voltwas chosenfor the
pulseheightanalyzeras a compxwmise betweengood statisticsand
resolution.Data were ob-ixwd by movingthe pulseheightanalyzer
In one volt stepsoverthe whole pulseheightspectrum,countingfor a
givenlengthof tim at each point. Beforeeach run the pulseheight
dial of the spectxumter was calibratedfor nergyusing the 0.511b!ev

3annihilationradiationfrom the decay of Na2 positrons● Data on each
run were taken for the above emrgy stale. In addition,the amplifier
gainwas increasedby a factorof 4 and the spectrumrerunto exatine
the low energyend of the spectrum. The pulseheightspectrumob-
tained10 days after Shot tim is sh~ in ~gs. 3.24 and 3.25-

3.S.2 ProcedureUsed in Analysisof Cmes

Analysis of thz experiwntal data is based on four factss

(i) the gammadecay schemssof rmst isotopesare knownwith a reason-
able degreeof accuracy,(Z) the shapeof the sp3ctrumfor a~ om
isotoperemainsunchangedfor varyinganmnts of the Isotope$(3) the
photo-peakof the highestenergygammain a spectrumis not affected
by any otherreactionin the cv stal, (q) the area of a photo-peakis
a valid masure of the amountof the gama producing that peak. Ad-
ditIoml aids in the assignnmt of specificphoto-peaksto hditidual
isotopeswere found in decaydata fromthe samplespectra,and the
informationcoveringthe ma$or contributingfissionproductsat any
giventime after the fIssionof U235.~

The photo
728

and part of the Comptondistributionof the 1.6
Mev gamma ray of La appearedto be uncontaminatedby other gazsza
rays. L#@ is the 40 hr daughterof 12.8 day Ba140. Accordingto
the tableof imtopes,l~ these two isoto~s have peak gamma rays at
2.51 and 3.00 Msv. ‘he 1.6 Mev photo-peaksuggeatadthe possibility
of normlizlng the knownscintllhtion counterspectrumof Ba~~ and
h~~ to that of the falloutsample. lhen,~ point-by-pointsubtrac-
tion of the spectruu,onewould re,move the effeet of the Ba140 and
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~1400
Accordingly, a chemicalseparationof M140 way made mom a

falloutsample. hln?days after the separation,~alm had come to
transientequilibriumati a scintillationspectro~terpulse-height
distributionwas obtained. This distrlhutlonwas used in the analysis
of all the falloutspactra.

Upon subtractionof ha l#@ and hl~, a peak at about750
?$kev was found. Sincev= 5-Nb 5 tieldedonly one majorphoto-peakat

about750 km with ofiy an ineigtiicantpeak at 235 law,a standard
cmve for Zr95-Nb95was obtainedand a subtractionprocedureslmllar
to that for ~l@-Ls140 was used. Si

% 8
rly,a peak a 500 kevwas

foundafterthe subtractionof Bs14%s ad Zr95-Nb5. lhis peak
was assignedto 2u103. A standardcurvewas also obtainedfor Ru103.

Two standardspectrcmtercurves at the two amplifiergainsused for
the falloutspctra were Obtaimd for each of the isotopesumntioned.

At gamma-rayensrgi~sof a few hundredkilovoltsor mre, tmo
pulse-heightdistributionsper game ray are obtained,a bell-shaped
distributioncalleda photo-peakand a broad,nearlyflat,distribu-
tion due to Comptoneffect. At lower ener~jes the amountof Compton
effeetbecozmsInci”easinglysmall comparedto photo-effect,so that at
about100 kev the Comptoneffectis negligible● In addition,there
are secondaryscatterirg effectswhich throw countsnormallyin the
Comptondistributioninto the photo-peakwhioh for low gamma-ray
energiesresult8 in a greatreductionin the tt,eoretical Comptondis-
tribution. This effeet is illustratedin Fig. 3.26 by ihe theoretical
and experimentalcurvesof the ratio of the ohoto-peakto totalarea.

At the low gamma-rayenergiesthe proeedum was to work first
with the highestenergyphoto-peakleft fromthe subtractioncf known
isotopes. The photo-peakwas fittidwith a ~aussiancurveand its
area determined. The Comptoneffectis foundfromthe experiumtil
curveof ratioof photo-peakto total peak. ‘he Cemptondistribution
was then subtractedfmm the peaks of lowerenergyand the procedure
repeated.

At ener@es belowabout 200 kev the photo-peakof the various

gamma rays overlapped. As an aid M the subtractionprocedu~eit was
assuxm?dthat the width of the peaks at one-halfmximum followedthe
E* ~w, ~ where E j.s the energy of tk gama ray producingthe
photo-peak. Thus$thee conditionswere imposeduponthe photo-pemlcs~
(1) all avdlable countswere used, (2) the peakswere Ceuss@n in
Shapey and (3)theWidthd tlwpk foll~edthe@ 12w.

3*8*3 Detection Efficiencyof the .ScintllMtionSpectrometer

Assumethat the gama~ay sourceemitsgammarays
energyonlyO The number,Nt, of those gama rays detected
crystalam

of one
by the

(3022)

where ~= sourcestrength-
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if

coefficientof

gamxa rays must

coefficientof

effectivesolidanglethe so’crcesubtendsat
tlw crystal
thicknessof NaI crystal
the area of the photo-~ak and At = the total
area of the pulseheightdistribution,then
the nunberof countsNV in th9 photo-peak
will be: 1 \

Npe = ‘~ ?Joe
[ )

-U(E) AIXAI ~+-u(E)NaIXNaI~ (3.23)

‘t 4

It is assumed that @ is independentof energytich is only
true to a good approximation.The absorptionin NaI at low energies
5.smuch greaterthan at high energiesso thatthe gamma rays are ab-
sorbedlmgely near the incidentface of the czystal. This results
in an increasedsolldangleover thatfor the higherenergies. Tests
Indicatethat this effectis of littleimportancein the analysisof
the presentdata.

The ahve formla has been used to determinethe relativede-
tectionefficiency. Use was nwde f the e etimentalA /A curve.

Y T ~ $ka G-MAs a partialcheck,sourcesof Na2 ad Csl 7 were COWI ed
counterso as to get their relativesourcestrengtns. From the known
decay scheuesthe number of gammarays per betawere determinedand
an efficiencycurveplottedwhichwas in excellentagreementwith the
above clrve.

Absolutecalibrationof the spectrometerwas attemptedin
order to performabsoluteanalysisfor =fious isotopes. Productsof
the slow neutronfissionof a U235 samplethat had been recentlylr-
raaiatedat Emokhaven NationalLaboratorywere available~ The neu-
tron fluxwas known and it was possibleto calculatethe yield of the
variow isotopes.

The Pro”ect2.6b reportdiscussesthe m?thodsof obtaining
Zr95-]m95,C~~$ ati Ce~~Frl~ standardsfrom the thermalneutron
ftsslonof U 35; it also discusses the Zr and Ce calibrationproce-
dure.~ The sampleswere mountedunderthe sam conditionsas the
falloutsamples(desctibedin Sec. 3.2) and aromaspectraW@rS ta~n
for the known sources. 8The gammarays of Zr 5 are 730 kev, those of
Cel~ are I-45km, and Cel~ are 134 kev. The Ce gaxm ray6were~e-
dmlnantly dus h Ce~ as it has a 33-dayhalf life co~red with
282 days for Cela. To determinethe amountof Ccl@ mese

al
use wa8

made of the known U235 fission@eldS of 5.7 percentfor Ce and 5.3
percentfor Ce~. ~

Expe-n~ly th intensityof a givengamma ray was deter-
mimd throughtb aea Gf its-photo-peak.The abscissaof t~ cm
is in volts and the otiinatein countsper minuteso that the area of
the photo-peakis in the unitsof count~olts per minute. TO obtati
the correctionfactorfor convertingcount-voltsper minuteto gamm
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rays per minutethe reciprocalof the efficiencywas ezployedand put
on an absolutebasiswith the Ce-and-Zrdata. For the geomtry used
in thiswork Ce gave 3.70 gamm rays per volt countper min at 145
kev ad Zr 23.6ganmurays per volt countper minuteat 730 kev. The
curveshownin Fig. 3.27was normalizedto thesevalues.

3.8.4 Results

The area of tb photo-peaksof the various_ rayswas ~
ted as a functionof tlzm on semi-logpaperand extrapolatedback to
shot tb , ?igure .28 showssucha cnrvefor the decay of the 1600-
kw gama ray in k b . The slopeof the curveis in excellentagree-
m,it with the accepted value of the parentB@@. The decay schema
of ~l@ ad L#@ are lmown$whlch enabledthe gamma contributionof
the othergammarays from the 1600-kavpeak to be calculated(Table
3010).

HALF LIFE :12.8

G5%\ I I 1 1 I I 1 1 1 I 1 I I 1 1

DAY8

10 “

0“
I I 1 I 1 I 1 I I I I I 1 1 4

104 105
PHOTO PEAK (VOLT COUNWNIWHUM OF SAMPLE)

3.2S The Lal@ 1.6 M Photopeakas a Function of’ !N~

The experlamntalresultsare given in Table3.11. The results
are recordedas the nuber of gamm rays per minuteper gram of fall-
out● The quotederrorsrepresentthe reproducibilityof the mthod or
the pred sionwith which the intensityof a particular gamm ray is
knownin the sample. ‘&se errors were jtigedfrom the fIt of the
experlnxmtaldecay pointsto the best straightlti representedby the
points. No estimateis mde of the absoluteaccuracyof the data.

However,when vamylngmixturesof Zr95-Nb95,RW-EW, ti Cel~ -
RU were ~thesized ad analyzedby tho techn$que,the nmdmum
m betweenthe actual compositionand the gemmaspectralawalyds
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TABLE ~.10 - DerivadValuesfmm KnownI
m

nalty Ratio
of 1600 lav GanmsPay 1A

POthsrWxmllSFULyein La @ ad J&

L—
—. ——— ....-——— ——— ——— .— .— .— ——

——.— —.-..._——.._._ ———- .__—_

I Erm GamumAotivityat Tlm of Shot
Isotope

Y(kev 106 @mm ~yS/~/@
l– r..From L#Q 335 -

n 490
a 820

I 1} I 162
n 304

I w I 537

.— .—. —.

0.195* 0.015
1.4 t O*I2
1.0 k O*O9
00195: ()::15
4.0 .
2 ●L ~ 002
0.51 ~ 0.03
1.2 ~ C)*1

L . -–—— .. . . -J .—.___ .—— —. _-_ Al______________ .-—-. — — .— --

*k%al@ are assuredto be in seoularequilibriumwith a half-
life of 12.8.days.

TABIE3.11 - ImportantGammaContributorsto Shot 4 Activit~

I ———-– — .—— —— —— —- —-— {1—... —————— ---- .————

~ Gama Ray

WM?Y1

Half-Life
ner Days—— —.— —..-———-

& @ 64~
1

145
1.45
209 /

264
340
500
500

I ;;
750
1600

6
5

3;
~.s

i
11
40
4

3;
12d?

GammaActivity I

at Tira of Shot
106 GamtmI@x!S.@I@n—.—.
9.3 ~ O*9

~3
E.4 t 100
o.@*5* O*O5
13 t3
6
3.8 ; ~.1
2.4 & 0,5
0.25 ~ 0.05
8.1 ~ 104
3●9 ~ O*3
0..?7= 0.23
3.6 fO*3

i-
1 I-— -——.—.—* At times greaterthan 10 days afterthe shot

%++ Co~i~d

Possible
I Sotope

—-.–-—.-—.——

R@03
Not identified
Not Identlfted
Not identified
@40

—..— —
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wasonly5●8 per cent. This corre tionwas nalntalneaeven wnen %ne
$relativeconcentrationof the nucl s were changedby a factorof 20.

Subseqwnt analysisof the falloutfrom TEAPOTindicatea variationof
Ie a than 14 per centbetweena radiochemicalseparationof ~140 -
!La 40 ard * gazm spectralanalyses.

The peak at 750 kev remainingaftersubtractionof Ba and La
decayedas if an Isotopeof 74ay half-lifeand an isotopeof 35~y
half-lifewere present. Both activitiesare unassigmd.

The peak at 500 km left after subtractingthe contributions
due to the hlgher~nergygamrarays decayedwith half livesof 11 and
40 da=. Theseactivitiesare assignedto Nd147andRu103.

At low energies,peakswere foundat 104, 209, 264,and 340
kev, deca@ng with an averagehalf-ltieof about 5,5 days. These
gamz rays are believeddue ta the combinedeffectsof 6.7-dayU237
and 2.3-dayNp239. The predominantpeak at 104 kev is due to the 105-
kev gama ray reportedfor Np239and to the =a s followingthe in-

1ternalconversionof a garcmray of 207-kevin U 37. Unfortunately,
data earlierthan 10 dayswere not availableand the data covering
tlw period10 to 40 dayswere not extensiveenoughto permitthe sep-
arationof the two isotopes. Becaue of’the 29-kevenergydifference
@ about equaldecayhaU lives,the peak at 35 kev Is believedto
be the iodim x-ray escapepeak cf the 64-kevga- my. Also$ the
relatednunber of countsin the two peaks is in agmexmt with that
expectedfxwm the theoretic.alcalculationsof Axel.20 Thesecalcula-

dtionspredicatea ratioof escapeto non-escapeof . 4 comparedwith
the presentresultof 0.15.

Belowthe 35-kevpeak there ia seena sharprise in the pulse-
hetghtdistribution.Thesecountsare believedto be due to tlw
Bremsatrahhngradiationforw?din stopping high-emx?gybeta~dbs.
Sincethe beta rayawera stoppedin alurd.numratherthan in som more
densematerialthe numberwas kept to a minimum. The actualamount
formalhas not beenevaluated.

‘IMswork irdicatesthat,within limitations,isotopicaxuOy-
eis can be carriedout on falloutkhrough a striyof the gamma-y
spectrum. In futurework, use shouldbe nmde of the fact that short
lived isotopesalmst invartiblyemit the hlgher+mergygammarays.
For instanca, Na~, which iS producedin largequantitiesin a nuclear
detonationnsar sea water,has a 2.76 kev garmmray and 15-hrhalf
life. At a time of about one day afterthe shotthis is the only

B
ganrnaray of apprecia intensit in this energyregion. About ten
daya aftera shot,Ba and Lad are in transieat=equllibriuw
L&@ emits a 1.6-wv gamma~i A is the only gamnaray in that energy
regionat that tim afterthe shot. At a periodof about 60 days
aft= a shotgZr95 may be analyzedwith a ganmmray at 730 kev. Also,
at this tim, an analysiscan be made of RU103with a gamut energyof
498 kev by subtractionprocedures.

The externalradiationhazard, (g_ dose ~te ) is an energy
dependentphenonnnon,with tb effects of gamumrays Increasingas the
enargyincreases. Ana3.ysisof the gamma spectrumof falloutused In
conjunction with the knowndecay schems of the individualIsotopes
cotidfield data showingthe conlrlbutionof the gamnmdose rate from
all isotopesof any consequencein fallout. Not enoughisotopeswere
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anal~ed here to prform suchan ana3ysis.

3.9 IMDIOACTIVEPARTICXESIZEANALYSIS

The dried samplesfromall trayaof each cnlleatorwere coubined,
weighed,and then sievedthrougha 44-P sieve. The weightof each
fractionwas determinedand a weighedportionof each fractionwag
used for radioautagraphy.

Thesefractionswere washed fromthe weighingdisheswith
tolwne onto the backsideof Mstmn NTB strlpDingfil.mwhichwas pre-
viouslymountedon 4-in.plasticrings. The transfer was do~ in dti
llght. Canadabalsam,whichwas addedbeforet~ tOIUOIWOvaprated
to form a uniformadhegiw msdlumfor the particles,didnot interfere
with microscopicobservation.The celluloidbackingseparatedth
patiiclesfromtho smtisionso -t duringprocess~ the particle
umdiumwas not disturbed(~g. 3.29). The NTB film has a lfl-pthick
emulsionand a 7-p thickbacking~

‘Theradioautogranhswere exposedfor the empiricallydetermlmd
tin of 15 hr for samplesmeasuring100$000cpm, 25 hr for samples
counting50,000cpm,60 hr for 25jO00cpm~ etc. All exposureswere
started6 to 9 days aftereach shot. The radioautographswere devel-
oped in Eastmn KMak D-19Developerfor 5 min at 200 C., then rinsed
and fixed for 10 min. All developingoperationswere donewithoutdis-
turbingthe particlemedium. The particleswere projectedat a nmgni-
ficationof 1000 t-s with a micro-projectorwhich consiotadof a
Bauschand Lob
witn carbonarc
a magnification
The limitations
particlesbelow

researchmicroscopemountedon a d.cro-projectorbase
illumination.The particleimageswe-e projectedat
of 1000X. RadioactivepartIclescnlywere measured.
of tk opticalmicroscopepresludedthe observaticmof
abcut1 p.

Mnncl.csBACX.IN9 CANAM aAu3AM

,__LL+A_+.-,
r— q__.:...---._l

CMU&ON
PREPARATION POSITION

OCW:OPIMO
loLLITlm ~ULWC#

r---
___.-+z+ – -,

~–.— --—–,.–

“+-------’

i ..– —–— —–– ‘-----—.-.~_ ~.
i

‘_ .—-_ - — .>._._... -u
WIIIN6 PM;ICLCS Mc Om
C& MADA’ DAL9AM

DEVELOPING AND EXAMINATION FOSITION

Fig. 3.23 -Preparationof ParticleMedium;Develophg
and ExaminationPositionof Stripphg Film
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The number
(e ), and average
sa lyzed.

The NMDis

mediandiameter
diameter(Davg)

definedas t~t

(k), geometricstandarddeviation
wdre obtainedfor each sample

size suchthat 50 per cent of the
numberof the particlesare smallerand 50 Xr ce~ are largerthan
the statedsize. The value is obtainedby kterpolaticnof-twovalu!?s
brackting the 50 per cent line on a cumulativegraphof nuuberdis-
tribution.

The geomtric standarddeviation(~ ) is a measureof the de-
gree of honngeneityof the sampls. fIt is efimd by eitherof the
followingrelationships.~

o-g=

%=

cumulative84.14 P rcent particlesizeon log-probabilitypld—.
Cumulative 50 percentparticleSIZ~on hg-wo~bility PIOt

(2.24)

cmulat~ve 50 percentp~tic~ size on.~g-po~bility P~t
alnzulative 15.g7Percent~ti~e on log-probabilityplot

(3.25)

‘he range fivxn15.87percentto 8U3 p=cent is czw S~d d-
tiation. Ug ~ ~eoretic~ ~ a~ aua from 1 to infinity. Values
near 1 indicatea homogeneoussample. AB the valueincreases,sax@e8
m indicatedas beingmore heterogeneous.In practice,valuesrarely
are higherthan4 to 6 for field samples.W

The average

where ZDn is the

~nis the

(3.26)

sum cf tk dianm3terof all of the particles

sum of the numberof particles

Parttclesas large as 3000pwgre foundduringthe analysis.
The procedureof separatingeach sample~nto two fractionseliminated
the require~nt of a commn exposuretinw for both smalland large
particlesand the smallerparticleswere mre easi~ distinguished
than theywould be in an unfrac~ionated sample. Sincea grossparticle
size distributionwas not made,the data frmm both fractionsof each
samplecouldnot be recombimd to give one MD for each station. How-
ever,the nunberof particlesin th largerfractionwas foundby
ndcroscopicexaminationto be only a 9mallpercentageof the numberof
particlesin the grosssample;hence,the smallfractionNWD would not
be raiaedby any great extent$If it had been possibleto combinethe
two fractions. Thus, the N?Allof t~ smallfractionmay be considered
to be the appro-te NMD of the entire.saaple.It shouldbe pointed
out that the use of sievesin fractionati~-particlesmay have som
tenden~ to break up agglonnratedparticlesinto their smallerco-
ponents,althoughsome experlmntal evidenceindicatestkt this effect
Is minor. Particlesizeresultsare presentedin Tables3.12 and 3.13
ati are summarizedas followst
SHOT 1: The NMD of the SW1l fractionr~,ngedfrom 5 to17.5~.——
The XND of tileli<Gefractionrsm~edfro:L61 tc 118~.
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TABIE3.X2 - Shot 1, Radioactive -Ida A~aia btit8

— —

xstation t on

x 0.4
Dog 12
Eae$f 2
Eaqy 1.2
Oeorge 2
Oeorge u
How 2
How 3.2

2
Nan 12
oboe 2
Oboe 12
Uncle 2
Unole 12
Victor 2
Viotor 12
~ 2
Yoke 2
Yokt3 12
Zebra 2
Zebra u
Alpha 12
Bravo 2
Bravo 12
Raft
250.05 12
Raft
250.12 12
Average2
Average 12

Under44 p
——..

14.5
u ●3
16J
}.3.e
15.0

16.5
16.5
5.2
17.0
10.8
13d
8.4
8.0
Ins&
5.0
12.0
10.8
11*5
12.5
10.7
9.7
13.2
11.8

11.s

I-4.7
12.5
10.9

Crg

1.76
2.56
2.?4
2.38
2.53

2.79
2.12
2.54
2●O9
3.33
2.06
2.50
2.94

l&--
—-.—
17.0
16.1
19.0
16.4
17.9

18.9
18.7
8.0
19.1
14*e
15.8
11 ●9
12 ●4

icientsample
2.00 6.6
2.58 16.7
2J.3 13.9
3.16 15.0
2.32 15d
2.66 I 14,1
2.27 ‘ 13.3
2.m 17.3
2.12 14.8

2 ●U 17.9
2.58 15.4
2.39 15s

-up
“—mi————
——. —

94
80
8).
85

2
108

a
105 ~
94
66
73
63

I;uff{

Insuf
70 1
74 t

Eljt

1117 ,

100
89
90

—

7
Ug

2.35
2.38
3●21
2●13
1.78
1.96
2.02 ~
2.66
2.69
2.20
3.40
3.52
2●98
1.98
2Al
1.75
2.62

:ientSam
1.75

:ientSaM
2.70
2.23
1.8e

al S&M@

1.75

2.30
2.55
2.25

—

—.
D

:

avg
-—

153
123
170
131
w
144
120
196
186
170
186
182
184
96

1%
)10
11.o

le
182
186
Y-46

IBroken

in

149
152
149

— —.. 4

8’?



SHOT 2 only one station,George,collectedenoughfalloutto be
analyzed. The smallfractionNMDtswere 12.6 and10.7P for the 2-hr
and 12-hr collectors,respectively~ Not enoughof the large fraction
sample was collectedto be analyzed. lt appears(Sect.3.3.2)that
theseparticleswere largelyremainsof Shot1 falloutwhich had been
redistributeddutingShot 2*

+
SHOT The small fractionNMD~sranged f~m9*4pto 2000P; l~ge
fractone variedfrom 77~ to 127 PO
SHOTS 4AND 6 Not enoughradioactivezaterialwsscollectedfrom
thesetwo shotsto be analyzedfor particlesizedistribution.

Therewas not enoughfalloutmaterialin each collectorinternal
for a meaningful analysis; so tie falloutfromall intervalsin each
collectorwas nd.xedtogetherand amly?zed~ The only timingIntervals
which can be comparedare the entirecyclingtimesof each cCllectOr.
On the basisof these cycles (2-hrand12-hr) thereis ~ trendof
particlesizewith timeafter shotswithinthe limitsof samplingtime.
Neitheris therea treti of particlesizewith distanceordirection
fmm groundzerowithinthe limitsof the area coveredby the col-
lector.

The behatiorof the C1.dud$which is discussedin Section3.4*2,
is believedto accountfor the lack of trendsof @icle-size data.
The particle-sizedata obtainedtiicates that the Shot1 cloudand
the Shot3 cloudparticleswere both falrlyhozngeneouswithinthe
l:mitsof the area sampled. Lack of data trom Shots2,4, and 6 pre-
cludeany statemnts aboutthe particlesize distributioncharacter-
isticsfrcm these shots.

A differencewas notedbetweenthe radioactiveparticle-size
distributionsof Shot 1 andthose of Shot 3. The samplescollected
from Shot 1 were found to have 29 mr cent of the @rticles under 5 PS
whichwag 2~times as xmmyas those collectedi’rom-Shot3 (Table3~1”4>

TABLE3.13 - Shots2 and 3 RadioactiveParticleAnalysis
. ..—

Shot

—.
2“ “–-

;
3
3

:
3
3

?
3

—.—____

Station

&~ge* -
George*
Easy
Easy
Gearge
Uncle
Uncle
Victor
Zebra
Zebra
Average
4verage

.-—.

Results _–..-—.— ..——.———- .-.———

TY.lm ‘~’
} ““--

Under 44 p

w)] /“----t;p
ation~‘W- ~~” ‘-Da~g’-1MD
hr_—— -:..A.._l._g .-.!!––l—l.-–4-–--–-–-~—1

2– h12.6~1.8315.1 !lngufficien Sample ~
12 i:lo●7 2.0’0
2 ;,17.5 1.77
12 ~:9.4 ,2.02
2 ::16.8 ‘ 2.01
0,4 ~11.1*8

12 ,!1607
2 j20eo
2 \13.0
u i12*7
2 115.8
12 ,12.9

——...L –—

1.$?2

13.2 !! n

19.4 ‘1 lol 1.57 1;5
12.3 112 1.47 141
19.9 1(Y7 1.69 140
14.9 1/127 1.77 16o

1.92;17.4 I 118 1.64 145
2.10i~.5 I ;; I ::;; :;
2.~i16.2 I

1.93!15.7 ‘! 77

1

2.66 138
1.9719.0 1 105 1.60
1.98:15.1 I 102

‘“92EJ–_-. ..-—.

I

* Theseparticlesprobablyoriginatedat Shot 1 and were re-
distributedby Shot 2
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TABLE3 *14 - Averagesof CumulativePer Cent of
RadioactiveParticlesUnder Stated
Sise Ranges

shot Undlw5 B
r’

rider 10 p lhwler20 P 4

1 20 43 74

3 8.q 33. 60

}

The Shot 1 particleswere also foti to ~ve 43 w -* Oft~ Xl-
clesunder10 p, whichwas about1* timesas many particlesin the
same size rangeas those collectedfrom Shot 3. However,the percen-
tageof particlesunder20 p was approximatelythe sanm (about70 per
cent ) in the samplescollectedfrom both shots. Apparently,Shot1
produceda largerpercentageof particlesunder 5 p and 10 p thandid
Shot 3. The size rangeurrler5 p is the rangeof particles which is

met likely to be deposited at mm point in the respirato~ system,1
4exceptfor particlesbelow0.1 p or O.2P, which tend to be exhaled.2~

Theseresultsalso Indicetethat Shot 1 particleswould be harderto
decontatimte than particlesfrom Shot 3. The Snot 1 percentagesare
higherthan thosethat havebeen foundat previoustestsand may be
due to iqrove-nts in analyticaltechnique,but it is felt thatthe
differeme in the resultsis nme likelyto be due to the differences
of the particlecharacteristicsthemelves●

3.9.1 ActivityIn Size-FractionatedParticles.

The percentageof totalactitityof each fractionof a size
fractionatedsample,which was collectedfromHow Islandaftar Shot1,
was determinedby Pm@ ct 2.6b.la It shouldbe pointedout that these
particles were primarily fractionated for r.sdiochemicalanalysis.
Ru’ticl.esbelow44 P were sewrated by a rollera~lyzer so so~ ag-
glomerateswere pzwbablybrokenup. ‘!heparticlesabove44 p were
fiactiomted by sievesso feweragglonwrateswere probablybrokenup.
Table3.15 presentsdatawhich is a by productof the radiochend.cal
analysisprocedures. The per cent of totalactivityin the two
smallestfractionsis aboti 23.4 Wr cent of the acti~tY fo~ in
the entiresampleand second only to the actitity in the largest
fraction(32.9per cent). The actinty in these two sol-lestfrac-
tionswould constitutethe principalpulmnary hazard In this fallout.
However,the internalhazardcausedby theseparticlesis almst
alwaysovershadowedby the externalradiationhazardexistingIn the
sameregionand so the internalrespiratoryhazardmay be relatively
unimportant. It should also be poirt ed out that these results
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are based nmstlyon activitywhich has condensedor beconw tonnected
to PacificIslandmral or sand particlesad the resultsmay not be
applicableto othertypes of environment.Activityinformationfor
each of severalisotopesin each fractionare presentedin the Project
2 .6breport.

TABLE 3.15 - Per Cent of
Size Graded

TotalActitity of Shot 1
SamplesfromHow Tsland*

NMIlof
Fraction
pM

——

1.1
3.2
22
~

56
69

K
103
160
in
195

>225
‘IOTAL

— —-—
* Pm jact

Waight
(gin)

-—

2.901
0●V5
0.112
0.923
0.597
1,031
0.400
0.522
0.408
0.646
0.691
0.757
0.983
19.662
30.608

!.6b results
M Pm ject 2.6b reports

Per Cent
of

Total??eighl
*

9.47
3.19
0.366
3.02

1.95
3.36
1.71
1.31
1.33
2 ●I.).
2.26
2 ●47
3.21

64.20
lVO

I

Total ‘
Actitity
of Frac- \
tion In
Arbitrary
Unitsat

m

7.31
2.29
0.323
2.45
1.96
3.22
1.16
1.30
0.950
1.45
1.56
1.58
1.98

~

Total i
Activityin
Fraction

17.8
5*59
0.788
5.98
4.78
7.86
2.83
3●17
2.32
3.54
3.81
3●86
4.83

13.5 i 32.9
41..0 100

I I

d.2 fractionsas the mean volum
dia~ter of the particles,not as the numbermean dia=ter

~ Both radioactiveand non-radioactivepzmticlaaIn the
fraction

3.10 PARTICLECHARACTEiO-STICS

llw averagedensityof all particleswas about 2.6 g/cc. Th8
indsxof refractionof all Shot 1 particleswas about1.544.

The falloutmaterialfrom ShotsIS 22 and 3S fich re~~
after the remval of samplesfor particle-sizaanalysis,were dxed
and sievedthrough4.20,210, 149, 105, 74 and 44 ticronsieves.(Not
enoughfalloutwas collectedfrom Shots 4 and 6 to makathaseanalyse>
Fach fractionfnm ea~ shotwas separatedIntrotwo grOUpSO
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3.10.1 E%rticleAppearance

The particlesfmrnone groupwere radioautographedfor the
minimumpracticablelengthof time* ~ose which wre foundto be
radioactivewere c?.assLfiedaccordingto ap-psarancetThe resu2t~are
presentedin Table3.16. Representativeparticlesare illustrated in

~@UI’8S 3030to 3.36. Thelarge particlesfrom Shot31 and 2 appeared
to be coral,whereasthe Smallerparticleshad a more crystal-like
~ppe8A-ante.Falloutfroa Shot 3 had a smaller~rcentage of coral
particles,mst of which were in the larger size ranges;the vemiihir+
part~.cles had a fuzed$Porous$ or ashlikeappearance,

The particlesfromthe secoulCrou:were treatedby the metlmd
euployndby CadIe~ to determinetheirinte:’nalactivitydistribution
Thisprocesscouldnot resolvethe location of activityon particles
bGklw 149p.These data are ?rescfiJedin Ta’~le3.17 and 8e~0ct~d
radioauto~;raphsara illustratedi-nFigures3*37 through3.39. Ac-txv”
j.tyon tka Shot 1 parti.eloswas on the s.w.facain 60 to ’70per eem of
the nuubGYexamined,evenlydistributedthroughout21 to 36 per cent
Cf the particlesand unevenlydistributedthroughout1 to G per cent
of the particlesexamimd. ‘he activityon the outcideof the Shot 3
particlesvariedfram 32 to ‘?7per cent. Uniformlyradioactive
psubic19svariedf-on 3 to 55 psr centand activitywas unevenlyJls-
tribut~dIn z6m tG 13perce~!tof the partickr~ The percefita~~of
particles tith actiwty on the outsidegenerallyincreaseddirectl:.
with size,while the percentageof Unifcrm.iyradioactivepz4rtic193
general~ decreasedwith size, NCItretiswero r-otwiin the mall
groupwhere tha sckivitywas ecattoredrsr.c!cd.y+hrougkoutthe
particle.

Therewas no apparentcorrelationIx3tween tf!w locationof
activityon the particlesand tlneirphysicalappea=nceo
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I’i g. 3.22 Shot 1 Ccral PartiA3 &20-?D30 p,
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Fig. 3 .“;3 Jhot 3 Trmsluc=nk Fused Particle49-149p,

Fig. 3.34 mot 3 Wte Fhsed Particle2N3-420P,
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Fig. 3.35 Shot 38 Grey, Ashlike, irregular,
and PorcusParticle21O-42Op,

Fig. 3.36 Shot 3,White,Opaque,Porous,Trre@lar
%rttcle 420-1000JI,

94



.— —-——z ____ .— -
1 .

I

—. I
r-
r-1 I

%-i

$

12-L-Luno~~pue Cfiea~ce-—.-— ...— ....—

.R.q
cJc&ui I

2
——-4
to
r+ I

mm I
4+
o

1111 I

95



r I

i!
d!

. I
51

I I

I

I_
%-4004‘ 11 “~ ‘--—r––––––––––t– .;—.. +

‘- l-——— I--————*———+—— -t——————i

*



Fig. 3..37F=mple of a SlicedParticlewith Activityonly on the
Cutside. The prticlo is at the top and its radioauto-
graphat the bottom.
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Fig. 3.38 Exampleof a Slicedi’articlewith Activity
DistributedIrregularlyThroughoutits The
Txarticleis at the top and its radioautigraph
at the bottom.



Fig. 3.39 Exampleof a SlicedParticlewhichwas Umiforuily
Radloaotive. The particleIs at the top and its
radioautographat tha bottom.
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CHAPTER4

CONCLUSIONS AND RECOMMENDATIONS

In orderto cozpldely documentthe hazardousfalloutactivity
res~ting from the fissionproductsarxl~anium neutroncapturepro-
ductson OperationCASTLE,OM would have had to anticipatethe wide-
spreadcontaminationthat was produced. The scopeof thisprojectwas
llmltedto documentation(primarilyon land ati secondarilyon water)
at the shot atolls. Docuzmtatlon on water,as it was done by this
project,was not practical ad was discontinuedafterthe firstshot.

Falloutstations were set up in va@ng arrangermntsfor Shots1,
p, 3, 4, and 6.

When sigdficant falloutoccurredat an islandafterany of these
shots, it apparentlybegan to arrivetherewithin sti minutesafter
the detonation. The maximumactitityper samplingtime intervalre-
sultingfrom Shot 1 and other skotshaving@eIds of the sameorderof
mqgnitudeafived at all samplingstationsdurtng the first hour after
the detonation. Extrapolationo

J
the beta actitityhas indicated

ratesas high as 1.3fi& ~f s 1 to 6 min after detonation.
The majorpart of the activityhad arrivedat a givenstation

within 3 to 6 hoursafter tie detonation,with smallamountscontinu-
ing to arriveup to at least12 hours afterthe detonation.

Gammadose ratesdue to each shotat the shotatoll1 hour after
each shotwere estimatedfrom data cone ctedby this projectand Rad
Safe to be as follas $
shot 1s 1600 to 2900 r/hr along the northernislands,160 to 63o

~~n the easternislandsand 15 to @ r/hr alongthe southwest
side of the atoll.
shot 2t 1100 to 4700r/hr on the northwestislamiscloseto ground
~- 2.4 to 14 r/hrorbthe rest of the atoll.
shot 3: 41.Or/hrat Uncle,~ustwest of gxwundzero,10 to 1.25 r/’hr
o= northand northeastislands~and 0.!3to 405 r/hr elstiere c
Shot 4$ 160 to 440 r/hr on the northand northeastislands,and 0.1
m~ elsewhere.

(At Enlwetok) Over 1000 r/hr in the immediateticinityof
_ zero, droppingto 1’7to 32 r/hr on the islandswestwardand
1 to 6 r/hr eastward from ground zero.

Within the atoll,therewas no apparenttrendof radioactive
particlesizedistributionwith distance,direction,or tim. The



ap~oximste numbermdian dlamters of samplescollectedrangedfrom
5.2 to 20P0 Up to forty~hree per cent of these purticleswere under
10 N in diamter.

Shot 1 particlesappearedto bo coralor crystalline;thosefrom
Shot 3 appearedto be mstly crystalline,ashlike,or IWmd.

In particlesfrom149 w 1000P, t~ percentageof particles
with actitityon the outsidegenerallyincreasedtirectlywith size,
while the percentageof unifotiy radioactiveparticlesgenerallyde-
creasedwith size. These two typesof particlesaccountedfor ab.>ut
90 per cent of the radioactiveparticlesexamined. Activitywas scat-
teredrandonilythroughoutthe rexminlng10 per cent of particles.

Therewas no apparentcorrelation betweenthe locationof actiw-
Ity on the ~tlcles and tneirphysical.appearance.

No conc3.usionscouldbe drawnabout the presenceor absenceof
radioactive.~in tb base surge,becauseno sampleswere obtaimd in
the base surgeregion.

4*1

The p’opeqtiesand effectsof falloutfl’orznew and untriedtypa
of detonationsshould conttnueto be studiedat future0p8~ti0n8.

The timeand rate of amival of primaryfalloutshouldbe de-
terminedat the greatdistancesat which fallout-n be a hassrdto
humanMfe, as wolJ as at close-inlocations.

When a base $mge is predictedas one of the effectsofa detona-
tion,attemptsclm.ldagein be made to determinewhetherradloaatlflty
is carriedin thatbase surge.

The differencesin charaoteristlcsof fkillout betweenlandand
water shots shouldbe more thoroughlydeterminedat futuretests.

Ratesof beta and gammaactivityshouldbe knownwith more oer-
talntyat early times,and hence,effortsshouldbe made to observe
and studydecayat early times after the detonation.

The chsracterlstiasof falloutpartioles,psrtioularlyfmm water
shots,shouldbe investigatedat futuretests.

The presenoeor absenceof an internal zwllologloal respfiatm’y
hazardshouldM establishedwhen new type detonationccM5tlon#
becomeavailable.

Systmatic recordfngof gama radiationlevelsshouldcontinueh
be made at varyingdistancesfrom ground zero.

Groundlevelactlvitieaaroundgroundsero
by employing helicopteraerial surveysyatanor

ahotidbe deteuntned
othermama.

Uhen devloesto be detonatedhave a yield of the orderof mag-
nitudeof the Ixa’gerCASTLEshots,documentationof falloutshould
coverextensiveareaa.

Falloutsamplingstationsshouldbe locatedin areaswhiahare
most likelyto receivesignificantfallout. Mtermtmtion of suoh
areas shouldbe made in consultationulth thosewho are responsible
for decidingwhat veatheroondltionsare requiredto detonatea
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detice. If the predominantdirectionof fallout~ot be determined,
then samp~ng stationsshouldbe locatedin all directionsfrom
groundzero. Such an array shouldbe avoidedwhere possiblebecause
of the largeamountof mrk requiredto malntalnthe resulttiglarge
numberof stations~

Water-basedstationsshouldbe used at the PacificProving
Groundsto provideproperarea coverageto doc-nt the fallout~
Land stationsat the shotatolldo not bytknselves provideenough
falloutdocunwntation.

Larger bases, suchas barges,shouldbe used where practicable
as inetrumnt pl.atfcrmsin the lagoonrather than the raftsused at
CASTLE. The raftsused at CASTLEwere inadequatebases on which to
mount falloutcollectors.Seas in the lagoonare generallyso rough
that it is difficultfor personnelto xmor rafts to buoys,transfer
equipmentfrom boatsto raft~and work on the rafts.

New types of falloutcollectors shouldbe dealgnedto sample
falloutin locationssubjectto mre or less continuoussaltwater
sprayand occasionalimersion beforeand after the instrumnt has
operated. Presentfalloutcollectors,thoughadequateto keep
ordinaxyrains fromworkingparts,are not adequatewhen nmuntedon
low raftsat sea stationsand at land stationssubjectto waterwaves
from close-bynucleardetonations.

102



APPEEMX A

COUNTXNG CORRECTION FACTORS AND
ORIGINAL COUNTING DATA
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MT%nmx B

WIND VECTORS

The fol&mlng wind vedxm Npm8emtione (Wag B.1 to B.5)
aredrawn from data furntshed by the JolxxtTaskForoe SevenAlr
Weather wrvloe at Eniwetokto Task Group 7.1. Thesedrauingsrepre-
sent the tiKM3vectorstaken at 2000-ft vertioalIntervalsup to
20,000+ ad 5000-ftvertioalintervalsfrom 20,0W ft up to the
altitudeat which datawere no longertaken~ Theseveotorsshou the
gemral.wind conditionsexletlngin the vicinityof the shotatolls
at aboutthe tinm of eaoh shot. Contaminationon tlw shot atoll oan
be adequatelyexplainedby obso- thesewind veotora. Mm refined
pattens based on particle settling rates are not applloable to this
experlmmt, uinoe within the relatively small area sampled no trends
of particlesizewith distancefrom groud zero or with tinm aftershot
wre found h the anal~is of the samples.
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F%g. BJ Vertlml Rofila of WadVeOtewa ●t Biktai, Shot la
Obsarvatdonestartedat 0600 100al t-•

PI& H Vartid Frofila of windVaotaa ●t Bind Iklr$ngshot 2.
Obaarvationa startad at 0600 100al t5mo.



,,
● ☛✘ ✏

~. B.3 Vartld Prot31a of Mnd Veotors at M _ -t 3,
Obea@Vattin8 start8d at O&O loa!u th.

,., .,.

AIWudo in Foot
wind Woclty , ~

FSg. B.4 Vartial F20fflaof Ulnd Vedora DuringShot 4.
Obaarvatlonasteu%ed at 061Kl 100al time.
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APPElmx c

RAD SAFE GAMMA SURVEY READINGS

The folloulngtati oontain a Mrly oompleteliutof gama m8ld-
ual radiation readings as obtained~ the Taak Group7.1 Mologloal
Safetytit. ‘1’heaereadingswore ~ intendedto be usedas a
guidefor the &d Safe hit Oamnder b detemlne the conditionsfor
aooeauof personnelto oontamimted areas duringthe fieldphaooof the
operation. The readingswere subjeotto a multttudeof variablee,aa
ws to be expeotedIn fieldmea~nti of this type: readSngswere
xmt al~s takanat the U looationon or abovethe idand; wide may
havumoved the de~e aroundand oonoen-ted lt in ‘hot apotenand
ooavers~, “odd spotaa;rain w havw lasohedcomeof the aot~vity
fkom the debris;and the AN/h%39 gammasurvey meters uhioh me wed
for the uurveys were eubjeot b both lnetrmantal and opaktional errors.

In the field,Rad Safe taoeda rough ‘ruleof & to oonvart the
air readings taken fkm hell,ooptersto groundreadingswhloh oouldbe
used as a guidefor reooveryand wMng partiesin oonteminatedareas.
The read3ngsat 50 I% or higheratmve the groundwaremltiplied ~ 3
to eotiniate the mrreaponWig pund readings,and madimgs takenat
25 ft were multiplied ~ 2 toeet$aatathe oorraqonding groundread-
lngc. It must be borne In mind that thesereadingsare subjeotto a
variety of tnflwnoes suoh as the em?gieu of the sdioaotive nuolldea
in the oontamiwted aree, uMoh ~ vary with time after the shot, the
sise of tha island aad the radiation field from it, and tha radiation
field uhiohmay oome ~ the water ~unding the Island. 4 an ea-
ample of the latter, nota the 25 ft readl.ngs on Yoke, Zebra, Alfa, ad
&avo on three days after Shot 2. The25-ft radlnga are fkm2.3t05
tke higher than the land growad readings as a reuult of tha contam-
ination In the -ter aroundthese Islands. It shouldaleo ti notedthat
seoonduy falloutooourredon the Obe-Tare ohaindur3ngthe night
followlngshot 2.

‘hose dataare wed hare ulth the Pennlseionof the Taak Group7.1
Radlologi@l SafetyUnitComander and an Inoludedin thlareportbe-
oausethey providea Wdcground for undersWulimg the remaltaof the
falloutand residualoontemlmtion projeot6. Uhare eewl readlnga
were available fkom one island on the same day, an average of tha read-

ingS ma _ made. An adierisk ~ a reading denotes a reading made
by Ro jeot2.5b pareonnelat the * jsat 2.5b station on that island.
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UC.l-Rad S8feOmmm SurreyReadingsAf’terShotl
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75 8t O*
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TABLEC.3 -Rad Safe(hmm _Readings M%os’Shot3

* Froject 2 ●n a-ti~ ~
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1
Aotidty in mr/kI? d VuiOW USightaAbow Orwmd

ISlati ~Amrshut3

7 3.0 u 15 16

Lbla - ●t 251 @O st 251 3000 at 25@

Charlle 5(X)O at 25! Soo ●t 01* 25(M ●t 259 850 ●t 100!
1~ ● 25$

Dog 250 at 251 260● 259 4(X)●t o!
175 ●t 251

Ikw 300 ● 259 260 at 251 31X at O*
160●t 251

?0% 435 ●t 259 525 at o*@ 450 at 0$ 1000●t 0’
~0 at 251

Oeorge , 1s0 ●t o! 9W ●t o~* 320 ●t 251 310 at Ot
1S0 ●%25$I

1
200 at 25!

How I 75 st 01 05 at O** , 60 ●t Og 32 at 01
40 ●t 251 LO ●t 251 LO at 251 m at o@*

Item 35 ●t 251 25 at 251

Jig 40 at251 25 ●t 251

?hg 40 ●t 25* 20 at 25*

LoYe 35 ●t 25’ 29 at O** 25 ●t 25! 25 at Cis

Nib 35 at 259 6 at 25s

WI 20 at Ot , 20 ●t OW* 1.3 at 25* 15 fit o!
M ●t 258

CbOe 10 ●t 251 ; 12 at 0$ 7 at 251 8 at 01

10 at 25* ;

R*OT 11 ●t 25! I

Sugu 7 ●t 251 6 at 251

Tmo 21GO0at 25~ 16000 ●t 251 ./MOOat lCQI

Uncle 400 ●t 258 SC418t 251 9CQat o! 450 ●t O**

Viotor 15 at 25$ ~ 12●t Cl 5 ●t 25! .4 at 25!

Tilliam 15 at 251 U ●t O!* 5 at 251 5 at 25$

!0Im 7 ●t 25’ 7 at 251 , 2 at 25*

lebra 9 at 251 8 ●t 01* 5 at 250 ~ 4 ●t 25!

Ufa 9 ●t 25! 6 at 250 5 at 25$

)raVu 9 ●t 25* 8 at 01* 1.3 ●t 251 4 ●t 251

●ProjOct 2.5b station readings
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TABLEC04- RadSafeGam Survay RaadingsAf’terShot 4

● Project2.5bStation Rmitnge
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uncle

Vlotor

mlllu

rob

?kbrm

AlrA

Br8Tu

o

am ●t 500

120 at 200$

O,alo●txoc

8,000●b200

i,oooat 25
aoo at 500

),@ at la)

5 at 01

35 at loot

)0●t lmt

)0 ●t lCMY

!m ●t lcw

200 at M@

D8ya At-r Sbt 5——

1

),000●t29

l,mo●t 251

I, XX) ●t o~

\J)oo ●t Oi

),030 •t40~

?,600 ●t?y

L,1OO●t25$

l,4m at 29

t,~ ●t 25(

2,000● Ot

10 ●t 01

4 ●t 01

8atm’

12 ●t O*

120 ●t 258

llo at Kc

MO at 10C

300 at XD

2 3

2,600●t 15*

l,COO●t 251

1,200●t 25°

1,(W ●t 25f

1,000at 25:

l,OCX)●t 251

500●t o~
300●t 25

5 ●t 01

5 ●t Ot

1500 ●t 25
cr8t8r

60 at 25

J--J

2600●% 251

600●t 251

500●t 25~

1400 ●t 251

40 ●t 50’

240at100

100●t 5$
140at100
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IABIEc.6- F&dSafoCkmmaSurvey Readings After Shot 6

Activity in m/br at VarimU Hei&ta Abwa OrQuui

raluld mAftar ShUt6
o 1 2 3

Uim 2200 ●t Iw$ 230 at 251 300 ●* o!
m) d 08+

lm at O!*

Belle 220 ●t 251 = ●t 251 1’KI ●t O**
$(Y)●t o~* I

clam 400 ●t 251 m ●t 25? m d 01*
(ma wat,r$s edga
at chra

7’3000 ●t O**
DA* 4W0 ●% 25, w at 25t

MM 4000 ●t 25$ 12#oo ●t 01
2,0W ●t 251

km 3400 ● 25$ 3,5W at 25~

mm 11oo ●t low 120●% 251 300 ●+ 25!

Mom 850 ●t low 60 at 25° m ●t 25!
230●t 0-

40●t O**

hmt 350●t 2(JY 40 ●t 25~ m ●t 251 30 ●t 01*
90 at O**

Kata 60 at 400’ 24 at 251 30 ●t 251

Lucy ?0 ●t 259 22 ●t 25’
~ ●t O**

22 &t 25~ sat 25’
30 &t ot*

Nancy @ St .4CW 11 ●t 251 12at 25’

Oliwa 60 mt 4oo~ 8 at 25$ Uat 251

Pearl 6 ●t 25! Mat 25’

Ruby I.1 at 251 12at 25’

sa14 11 at 251 LOat 25’

Tilda 28 ●t uXY 7 ●t 25* 8 at 25’
10 ●t o~*

Uravk 22 at U@ 6 ●t 25~ 10 ●t 01

Vara 22 ● 40V 5 ●t 25~ &at 25’

Uu 5 4t 400$ 3 ●t 25* 3 ●t 251

Laroy 2 St 100*

P&Ct 2-5at O!
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PERSONNEL ROSTER

The follcdmg peopleparticipatedIn the projectat the teut
a~teS

Robert Becm.helmer LutherMrdtm
NicholaeCap8seo J. P. Mitchll
Pfc Harry Crawfoti M LOUI.UNidus
Carl Crisco Cpl l?ogerSteneraon
Lt Col ~chard htwhlst%e Pfc WalterTallon
Pfc DonaldHamilton EdwardWilsay

In additton,groupsfrom Projecls2.6band 2.5a aidedthis
projectin the inetallatl.ond ~ntenance of the 2.5band 2.6b
lati etationa and the 2.5braft stationa.

The following pereonnelcarriedout the activtty and particle
alze analysla t

C* m.lllam hdrewa
Pfc ArnoldBerm
Cpl LeonardBird
Henry Chanber8
Pfc John~
Mc RobertEYen&
Pfc ?letcherOabbard
~colm Gordon
Phyl13s Gordon
Pfc Paul &aIYt
Pfc HowardHoller
Sgt Franc50Hollqr
Cpl John Kln~
Pfc John Kiah
Pfc Paul Michael

CplDeanMiller
Dora Myers
Cpl LeroyOmella
DavidRlgott3
C@ JanatsSauers
MurraySchmoka
Pfc John Shewell
Pfc DanielSmith
RobertSmith
Mrtha Stickel
m- Talbott
Cpl Sem Tal’rM
Pfc HarryWeet
Cpl BruceWhitlock
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